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HYDROSTATICS. 

SECTION L 

PBBLIMINAET DEFINITIONS AND EXPLANATIONS. 

1. Def. a fluid is a collection of material particles 
so situated in contact with each other as to form a con- 
tinuous mass, and such that the application of the 
slightest possible force to any one of them is sufficient 
to displace it from its position relative to the rest. 

That part of Statics, where a fluid appears as the 
principal means of transmission of force, is termed 
Hydrostatics. The law of that transmission must, like the 
law of transmission by a rigid body, by a free rod or 
string, or by contact of surfaces, &c. be established by 
experiment. 

The mutual forces called into action by the contact 
of surfaces are in Statics called pressures : this term is 
used in the same sense in Hydrostatics, where it is 
applied to denote the forces of resistance, which adja- 
cent particles of the fluid exert, either upon one another, 
or upon rigid surfaces in contact with them. 

2. K in the side of a vessel, containing fluid upon 
which forces are acting, a piston be placed, the pressure 
exerted upon it by the fluid particles with which it is in 
contact, would thrust it out, unless a force sufficient to 
<;ounteract this pressure were applied to the back : this 
counteracting force is of course exactly the measure of 
the pressure of the fluid upon the piston. It is not diffi- 
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cult to conceive that, generally, the magnitude of this 
pressure would be diflterent for diflTerent positions of the 
piston in the sides of the vessel ; inasmuch as the por- 
tions of the fluid which it woidd touch at those difierent 
places, would not necessarily be similarly circumstanced, 
and would not therefore require for the maintenance of 
their equilibrium that the piston should exert the same 
force upon them : when, however, the pressure for every 
such supposed position of the piston, wherever taken, is 
the same, the fluid is said to press uniformly ; and when 
not so, its pressure is said to be not uniform. 

Again, it is clear that the pressure upon the piston 
in any given position must vary with the magnitude of 
its surface, and if this were reduced to a mathematical 
point the pressure upon it would be, strictly speaking, 
absolutely nothing, becaiise the surface pressed is no- 
thing; but even in this case the conception of the 
pressure at the point is perfectly definite; it signifies the 
capability or tendency which the fluid there has to press, 
and which, if existing over a definite area, would pro- 
duce a definite pressure ; and this view of it leads us to 
the following usual definition of its measure. 

The pressure at any point of a fluid is measured by 
the pressure which would be produced upon a unit of sur- 
face, if the whole of that unit were pressed uniformly with 
a pressure equal to that which it is proposed to measure. 

3. It is usual to represent this measure of the pres- 
sure at a point by the general symbol p ; and whenever 
it is said that a surface, in contact with a fluid and con- 
taining A units of area, is pressed uniformly with a 
pressure p, it is meant that the pressure of the fluid at 
every point of it, measured as above defined, is equal to 
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p units of force : hence if P be the pressure which the 
fluid exerts upon this surface A, since the pressure is uni- 
Jbrm, and therefore the actual pressure upon each unit 
is p, the pressure upon the A units must be A times p, or 

P^pJ. 

According to the usual convention, by which a square 
foot is taken to be the unit of area, and one pound 
weight the unit of force, the numerical value of jp would 
represent pounds. 

It may be here remarked, that as P is of four linear 
dimensions, being the measure of a moving force, and A 
is of two, therefore p must be of two dimensions. 

4. In the foregoing explanation of the meaning of 
the term " pressure at a point" in a fluid, the point has 
been assumed to be in contact with a rigid surface, 
which was supposed to be the subject of the pressure ; 
now if we consider any portion of fluid, within a larger 
mass and forming part of it, no force but that of resist- 
ance can be exerted upon it by the surrounding fluid; 
for we may imagine it to be isolated from the rest by 
an excessively thin enveloping film, which will manifestly 
produce no disturbance among the particles of either 
portion of the fluid, because its existence neither intro* 
duces new forces nor destroys any of those which are 
acting ; further, this film may be supposed rigid, without 
afiecting the relative positions or equilibrium of the 
particles forming the interior and exterior portions of 
fluid: but under this hypothesis the pressure at any 
point, of either the interior or exterior fluid, which is in 
contact with the rigid film acquires the meaning given 
above, and as the introduction of the film in no way 

1—2 
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alters the actions of the portions of fluid upon one 
another, we thus arrive at the conclusion that different 
portions of a mass of uniform fluid only press against 
each other in the same way as they would against rigid 
surfaces of the same form, and therefore the term " pres- 
sure at a point" means the same thing whether the 
point be within a fluid or be in one of its bounding 
surfaces*. 

5. This last conclusion with regard to the action of 
different portions of the same fluid upon one another is 
of considerable importance in the solution of Hydro- 
statical problems ; as by it we are justified, whenever it 
concerns us to investigate the pressures exerted by a 
surrounding fluid upon an included portion, in replacing 
this portion by a conterminous solid. It is generally con- 
venient to take for such a purpose the solid which would 
be formed by supposing the constituent particles of the 
portion of fluid, which it is wanted to replace, to become 
by any means rigidly fixed in their relcUive positions and 
to be still affected by the same external forces as before : 
it is manifest that such a solid could not differ from the 
fluid which it replaces, as regards its action upon the 
surrounding fluid, for it would itself be identical with it 
in every way, were it not for the circumstance that its 

* The analogy between '* pressure at a point" in a fluid, and << velocity at any 
instant** of a moving particle, and between their respective measures, is too strik- 
ing to escape the notice of the student ; both terms are abstractions employed for 
the purpose of avoiding the constant use of the periphrasis, which is given once 
for all in the definitions of their measures. Perhaps this view of the case would 
be more apparent if the pressure at a point were defined to be the limiting ratio 
between the pressure exercised upon a small area taken about that point and the 
area itself, as this area is indefinitely diminished : at any rate such a definition 
would considerably simplify the investigations of Arts. 13 and 14. 
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particles are supposed to be provided with an artificial 
check against moving from their relative positions, in 
addition to, or rather instead of, the mutual resistances 
which effect the same end in the fluid state. 

6. If a surface opposed to a fluid be itself rough or 
capable of exerting friction, the particles of fluid adja- 
cent to it would, as it were, adhere to it and thus form 
a sort of polished veneer, because the definition of a 
fluid, which states that the application of the slightest 
force is capable of displacing the particles, precludes all 
idea of the existence of any tangential action between 
the particles themselves ; and therefore although there 
may be resistance to the tangential motion of the par- 
ticles in contact with the siuface, there can be none be- 
tween them and their next neighbours. For the same 
reason whenever a portion of fluid is supposed to be- 
come solidified, its surfaces must be considered perfectly 
smooth. Hence in all cases the pressure of fluids is 
normal to the surfaces pressed. 

It is true that very few fluids answer strictly to the 
definition given above (Art. 1) ; there is generally a 
certain amount of friction or viscosity between their 
particles, and in all cases, where the instantaneous effect 
of forces upon a fluid is the subject of investigation, this 
mutual tangential action between the particles cannot 
be neglected. But it is found practically that when once 
equilibrium is established, the particles have always as- 
sumed such a position inter se that no tangential action 
is called forth; and therefore it is immaterial to consider 
whether the capability for it exists or not. Thus if any 
semi-fluid such as honey or treacle be allowed to assume 
its position of equilibrium under the action of gravity. 
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it will do so very slowly compared with water under the 
same circumstances, but in the end it will be found that 
its position is exactly the same as that of the water. 
Hence in Hydrostatics all fluids whatever may be assumed 
to be perfect fluids. 

7. The law of transmission of pressure through 
fluids, which was alluded to above, and which is the only 
new one introduced to our notice by this part of Statics, 
may be stated as follows : 

A force applied to the surface of a fluid at rest is trans- 
mitted, unchanged in intensity, in all directions through the 
fluid. 

Like all other physical laws, this is experimental ; or 
rather it is suggested by experiment, and its proof is 
deduced from a comparison of the results of calculation 
based upon it, with those of corresponding observations : 
in this sense the following experiment may be said to 
prove it. 

The annexed figure represents a vessel of any shape 
containing a fluid, which may be supposed to be acted 
upon by gravity, as must gene- 
rally be the case, or by any 
other forces whatever : into the 
sides of this vessel are fitted any 
number of pistons, represented 
by Ai, A^..A^ and having plane 
faces whose areas are respec- 
tively ai, a2...a» ; sufficient forces 
are also supposed to be applied 
to these pistons to keep them in 
their places; in fact whatever be 
the forces whether only gravity 
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or any thing else which are acting upon the system, 
the whole is supposed to be in equilibrium. If now any 
additional force as Pi be applied to the piston Au it 
is found that to preserve equilibrium additional forces 
•P«> P3—P, must be also applied to the pistons -ig* ^s-.-^, 

P P P 

respectively such in magnitude that — =3 — = &c. = — : 

this result clearly shews that the application of a pres- 

p 
sure — upon each unit of area of the piston Ji has 

caused the same additional pressure upon every unit of 
area in each of the other pistons : hence the truth of 
the principle enunciated. 

8. Of fluids there are some, such as air, whose 
volumes or dimensions are increased by diminishing the 
pressure upon them and vice versa ; these are commonly 
called elastic fluids, and aU others inelastic. Inelastic 
fluids are also often distinguished by the name of liquids, 
while elastic are called either gases or vapours according 
as their state is one of permanent or temporary elasticity. 
It is probable that every fluid is compressible, when very 
great pressure is employed for the purpose, although 
within the limits of the forces with which we shall be 
concerned no appreciable error will be committed by 
considering water, mercury, &c. which constitute the 
inelastic fluids, or liquids, as incompressible. 

9. The conception of the mass of any portion of a 
fluid is the same as of that of a solid, and its measure 
is also the same : thus if JIf be the mass of a portion of 
fluid whose weight is PT, the accelerating force of gravity 
being g, we have the relation^ 

W^Mg (1) 



8t PBKLIMINARY DEFINITIONS 

10. If any equal volumes of a fluid, wherever taken 
throughout its extent, always contain the same mass the 
fluid is said to be of uniform density or homogeneaaa: 
otherwise its density is not uniform ; it may evidently 
vary by insensible degrees from point to point The 
density at any point is measured by the mass which would 
he contained in a unit of volumcj if the fluid throughout that 
volume were of the same density as at the proposed point. 
Thus if F be the volume of the mass M in the previous 
example, and if the density of the mass be the same at 
every point and be represented by p, the actual mass in 
each unit of the voliune V will be = p, and .'• M = Vp^ 
and we might write, instead of the above form^ 

W^pVg (2) 

11. It is sometimes convenient in reference to 
imiform fluids, to consider the weight of the portion 
contained in a unit of volume, rather than the m.ass of 
the same portion as we do when we speak of density ; 
the term used to designate the particular quality thus 
referred to is specific gravity, which is generally defined 
as follows ; 

TTie specific gravity of a uniform fluid is measured by 
the weight of a unit of its volume estimated in tenns of the 
WEIGHT OF A UNIT OF VOLUME of soms particular standard 
fluid, taken as the unit of weight. 

If therefore V and W denote the same things as in 
the preceding examples, and 8 be the specific gravity of 
the fluid, we get, 

JV^Sr. (3) 

but it must be remarked that^ while in the formulae (l) 
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and (2) the units of weight were quite arbitrary, and 
might be pounds, or ounces, or any other magnitude of 
force od libitum, (the unit of mass, upon which the 
numerical values of M and p depend, following as a con- 
sequence), in (3) the unit of weight must be that in terms 
of which S is measured, and which by the above defini- 
tion must be the weight of a unit of volume of some 
chosen fluid. If, for example, as is generally the case, 
distilled water be taken as the standard substance, and a 
cubic foot as the unit of volume, W will be that number 
of thousands of ounces, which is given by the multiplica- 
tion of the numerical values of S and V, because the 
weight of a cubic foot of distilled water is 1000 oz. 

12. From this definition it follows that the specific 
gravity of any substance is gfiven by the ratio between 
the weight of any volume of it and the weight of the 
same volume of the standard substance. 



SECTION II. 

INELASTIC FLUIDS. 

13. The pressure at any point below the surface of 
^ a uniform fluid, which is at rest under the 

action of gravity alone, varies with the depth. 
Let P be the point below the siuface, p 
the pressure at that point, measured as in 
Art. (2), M the point where a vertical 
through P meets the surface: let MP be 
represented by z and let a prism of fluid of 
very small transverse section a, having MP 
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for its axis, be considered. No circumstances affecting 
the equilibrium of the particles of fluid will be intro- 
duced by supposing those forming the prism to be solidi- 
fied into one mass, (Art. 5). 

But under this supposition the rigid prism MP is in 
equilibrium under the action of its own weight vertically 
downwards, the pressure of the fluid vertically upwards 
upon its base a, and the pressures upon its sides which 
are all perpendicular to its length and therefore horizon- 
tal : these two systems of vertical and horizontal forces 
must be separately in equilibrium, and hence the pressure 
on the base equals the weight of the prism. 

Since a is very small the pressure upon it may be 
considered uniform throughout its area, because the 
error introduced by this will not be comparable with the 
whole pressure ; it is therefore at every point approxi- 
mately equal to p, the value which it has at P : hence 
the whole pressure on the base is approximately pa : 
also the volume of the prism is very nearly az, and if the 
density of the fluid be p, the mass of the prism is 
equally nearly paz and its weight pazg; we get there- 
fore from the foregoing considerations, 

pa ^ pazg, 

the more nearly as a is diminished indefinitely, 

or jp « gpz, accurately ; 

hence for the same fluid pccz. 

When the unit of length here employed is a foot, 
that of volume must be a cubic foot. 

14. Within a uniform fluid, which is at rest under 
the action of gravity alone, the pressure at every point 
in the same horizontal plane is the same. 
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Let P, Q be any two points lying in the same hori- 
zontal plane below the surface , 
of the proposed fluid ; suppose ~ 
a prism of fluid having PQ 
for its axis« and a very small 
transverse section a to become 
solid ; this can in no way affect 
the conditions of equilibrium '' '^ 

of the fluid. (Art. 5.) 

Now this rigid prism is kept at rest by the pressures 
on its two ends P, Q in the direction of its length, i. e. 
horizontal, the pressures upon its sides perpendicular to 
its axis and therefore in vertical planes, and its own 
weight also in a vertical plane ; these two sets of forces 
must be separately in equilibrium, and therefore the 
pressures upon the two ends must counteract each other. 
Let p and q be the pressures at the points P and Q, then 
since a is very small, the pressure over each end of the 
prism will be very nearly uniform and of the same inten- 
sity as at the middle point, and therefore the pressure at 
the end P is />a, and that at Q is ga ; but these must be 
equal, or p^ q. As P and Q are any points in the same 
horizontal plane, it follows that the pressmre at all points 
in the same horizontal plane is constant. 

In the preceding proposition it was assumed that 
PM^ and in this one that PQ, lay entirely within the 
fluid ; i. 6. that the rigid sides of the vessel or material 
containing the fluid were never inclined from the vertical 
towards the body of the fluid : but these propositions are 
also true whatever be the form of the sides, provided the 
different parts of the fluid contained by them are in free 
communication with each other. 

For let the annexed figure represent a quantity 
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of fluid contained by the irregulax sides ABCDEF. 
The circumstances of the 
difierent particles of this 
fluid cannot be diSorent 
from what they would have 
been had AE merely form- 
ed a portion of a larger 
quantity FAKLE^ whose 
surface coincides with FA as far as it goes ; but in this 
case the proof of the foregoing propositions would have 
held for any points in the portion ABCDEF : the propo- 
sitions are therefore always true, P*s depth in the first 
one being its vertical distance below the surface or 
the surface produced. 

15. The surface of a uniform fluid which is at rest 
under the action of gravity alone is horizontal. 

For taking the first figure of Article (14) if P' and Q' 
be the points where vertical lines through P and Q meet 
the surface, then by (is) piqiiPP^xQi^^ but by Art. 
(14) p=g, .*. PP'^QQi. But P and Q are any two points 
in the same horizontal plane below the surface of the fluid, 
hence the distance of any two points in the same hori- 
zontal plane within the fluid are at the same distance 
from the surface ; .*. the surface itselfmust be horizontal*. 

16. If a surface be immersed in a fluid which is kept 
in equilibrium by the action of gravity alone, the total 
normal pressure upon it is the same as would be exerted 
upon a plane surface of equal area placed horizontally in 
the same fluid at the depth of the center of gravity of 
the immersed surface. 

* This result wm not assumed in the figures of Art. 14. 
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Let the area of the given surface be Aj and suppose 
this divided into n portions represented by oy 02* ••a^ • by 
increasing n these may be made as small as we like, and 
then all points in any one of them would be approxi. 
mately at the same depth below the surface of the fluid 
as the center of gravity of the same, and hence the normal 
pressure over this area would be appproximately uniform, 
and equal to that due to this depth : if therefore z^ be 
the depth of the center of gravity of the area Or, p the 
density of the fluid, then as n is indefinitely increased, 
and therefore a^ diminished, the normal pressure upon a, 
continually approaches to gp^ra^ 

The same thing will be true for each of the other 
portions into which the surface has been divided, hence 
the total normal pressure will upon the same supposition 
approach the sum of the terms 

gp^iax-^ gpZ^a^'^...^rgp%nOLn^ 

or if we represent this pressure by P, then approxi- 
mately 

^ = gpi^i^i + s^soa +...+ 5f„a„) (1). 

But if 5 be the depth of the center of gravity of 
the whole area J below the surface, then 

«J ^x^a^ -{-XiOfi +...+ x„an (2). 

This is true whatever be the magnitudes of ai, ag, &c.; it 
will therefore be true when they are indefinitely small, 
which was the condition by which the equation (i) was 
obtained, and we may substitute from (2) into (1) : we 
thus get 

P^gpzA; 
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but the right-liand side of this equation is evidently the 
pressure which would be exerted upon a surface A 
immersed at a uniform depth z in the same fluid, and 
hence the truth of the proposition. 

17. The last proposition gives only the mm of the 
normal pressures upon a surface of a body immersed 
in a fluid which is acted upon by gravity alone : the 
remltant of the same pressures is equal to the weight 
of the fluid displaced by the body, its direction is ver- 
tical, and passes through the center of gravity of the 
fluid so displaced. 

Let Q represent the portion of the body which is 
immersed, whether it be to- 
tally so or not. It is evident 
that the pressures upon the 
surface of Q in contact with 
the fluid depend only upon 
the position and extent of 
that surface, and not at all 
upon the nature of Q itself: 
they will therefore be unaltered if any other body con- 
terminous with Q be substituted for it. Suppose then 
some of the fluid under consideration to be solidified 
into the form of Q and placed in its stead, the pressures 
on the surface of this solidified fluid are the same as 
those on Q; but this solidified fluid so placed will be 
at rest, for it would be so if it were not solid, and its 
solidification cannot affect equilibrium, (Art. 5) : now the 
only forces acting upon this solidified fluid are its own 
weight, vertically downwards through its center of gra- 
vity, and the before-mentioned fluid-pressures upon its 
surface, hence the resultant of these pressures must be 
equal and opposite to this weight. The fluid which 
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we have supposed solidified is that which wotdd exactly 
fill the place of the immersed portion of the body, if 
the body were removed; it is generally spoken of as 
the fluid displaced by it: the proposition is therefore 
proved. 

18. When a body floats in a fluid under the action 
of gravity only, the weight of the fluid displaced by it 
is equal to its own weighty and the centers of gravity 
of the fluid displaced and of the body itself are in the 
same vertical line. 

The only forces acting upon the body are its own 
weight, in a vertical direction at its center of gravity, 
and the pressures of the fluid upon the surface im- 
mersed : hence since there is equilibrium, the resultant 
of these pressures must be equal and opposite to the 
weight of the body, and it must act vertically upwards 
through the center of gravity of the body ; but by the 
last proposition the resultant of these pressures was 
shown to be equal to the weight of the fluid displaced 
and to act vertically upwards through the center of 
gravity of the fluid displaced. From these two asser- 
tions then we obtain that : the weight of the fluid dis- 
placed equals the weight of the floating body, and that 
the centers of gravity of the two lie in the same vertical 
line. 

19. If a floating body be disturbed in its position 
in such a way that the amount of fluid displaced by it 
remains the same, the forces acting upon it will be un- 
altered as regards magnitude and direction, for they 
will be, its own weight acting vertically downwards at 
its center of gravity and the weight of the displaced 
fluid, which is, as before, equal to the weight of the 
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body, and acts vertically upwards through its center of 
gravity : but in the general case these two centers of 
gravity will be no longer in the same vertical line, and 
thus a couple will have been produced, under whose 
action the body will either return to its original posi- 
tion of equilibrium or will be removed further from it, 
according as the new direction of the resultant of the 
fluid-pressures, i.e. the weight of the fluid displaced, 
meets that fixed line in the body, which passes through 
its center of gravity and was vertical in the body's 
floating position, above or below the center of gravity. 
This is made evident by the annexed figure where the 




body is represented in its disturbed position, g is its 
center of gravity, g that of the fluid displaced, W the 
weight of the body, R the resultant of the fluid pres- 
sures on its surface and therefore equal TT, M the point 
where the direction of R meets the fixed line through g^ 
— ^the dotted figures refer to the original position of 
equilibrium. 

The original position of the floating body is said 
to be one of stahU equilibrium, when upon a very slight 
disturbance of this kind the couple produced tends to 
bring the body back again, and unstable when the con- 
trary is the case : instances of these two are given in 
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the figure. The equilibrium is said to be neutral when- 
ever this very small displacement fails to produce a 
couple, i. e. when the two centers of gravity are still 
brought by it into the same vertical line. 

It is not difficult to see that when a body floats 
with its center of gravity below that of the fluid dis- 
placed, the equilibrium will be stable. 

20. If a body be immersed in a fluid of less spe- 
cific gravity than itself it will sink : for let V be the 
volume of such a body Q; S, S' the 
specific g^vities of the fluid and 
body respectively; then the forces 
acting upon Q are its own weight 
= VS* acting vertically downwards 
through its center of gravity, and 
the resultant of the fluid pressures 
upon its surface; but this resultant 
is equal to the weight of the fluid 
displaced by Q, « VS9 and acts vertically upwards through 
the center of gravity of the fluid displaced, which is 
also that of the body, if we suppose the body and fluid 
each to be of uniform density; therefore on the whole 
the body is acted upon by a vertical force equal to the 
difference between these two, i. e. of the weight of the 
body and that of the fluid displaced by it, = V (^S'-S) 
in a downward direction ; it must therefore sink. 




21. If it be required to find the force to be applied 
by means of a string in order to hold the body in its 
position, it must evidently be equal and opposite to 
this force F(fif'-^. 

But the force requisite to support a heavy body or 

2 
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to keep it from falling under the action of gravity is 
taken as the measure of its weight. Hence the fore-* 
going shews that the apparent weight of a body when 
immersed in a fluid is less than its real weight by the 
weight of the fluid displaced. This result is very useful 
in finding the specific gravities of bodies. 

22. If on the contrary the specific gravity of the 
body immersed be less than that of the fluid, it will rise: 
for, as before, the resultant force upon the body is a 
single vertical force passing through its center of gravity, 
equal to the diflerence between the weight of the body 
and that of the fluid displaced by it, and acting in the 
direction of the larger force, which in this case is up- 
wards. 

23. If the specific gravities of the body and fluid 
be the same, i. e. if Sand *S" be equal, this resultant force 
clearly vanishes, and hence the body would rest in any 
position of total immersion. 



The remainder of this section gives some methods 
of comparing the specific gravities of different substances 
whether solid or fluid, and describes instruments called 
Hydrometers, which are used for the piu'pose : it may be 
remarked that in all cases the ratio between the weights 
of equal volumes of the two substances is the quantity 
sought. (Art. 12). 

24. An ordinary balance adapted to weighing bodies 
in fluids is sometimes termed an Hydrostatic balance: 
one of the scales is smaU and hung very short ; at the 
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bottom of the pan is a hook from which the body, 




while immersed in a fluid contained in any vessel below 
it, may be suspended by a small string or wire. 

25. To find the specific gravity of a solid body, that 
of distilled water being taken as the unit. 

(l) When the specific gravity of the body is greater 
than that of the distilled water, or in other words when 
the body sinks upon immersion : 

Let the weight of the body in vacuum be determined 
« W suppose ; then let its apparent weight in distilled 
water be ascertained by the hydrostatic balance, suppose 
it = fT; then W-^W is. (Art. 21), the weight of the 
distilled water displaced by it ; if then 8 be the specific 
gravity required, (Art. 12), 

weight of the body 



5. 



weight of an equal volume of distilled water 

W 

W ^ W 

2—2 



20 INELASTIC FLUIDS. 

(2) When the specific gravity of the body is lesd 
than that of the distilled water : 

Let a piece of some heavy substance be attached to 
the body, such that the whole will sink upon immersion ; 
let w be the ascertained weight of this attached portion 
in vacuum, w' in the water, W^ the weight of the com- 
pound body in vacuum, Wi the weight of the same in 
the water, and W, as before, the weight of the body itself 
in vacuum ; then, 

the weight of water displaced by the compound body 
when immersed = TTi - IF/, 

of that displaced by the attached body = w - tcf' ; 
hence the weight of water displaced by the proposed 
body, which must be the diflTerence between these, is 

therefore by the preceding case 

W 



S* 



W,- W^'-^w + w'' 



26. To find the specific gravity of a fluid. 

Let a vessel be filled with it and then weighed in 
vacuum, and let the weight so found be W; let also the 
weight of the vessel itself when quite empty be W\ and 
when filled with distilled water W": if care be taken to 
fill the vessel accurately, the volumes of the proposed 
fluid and of the water weighed will be the same ; now 
the weight of the first is TF - W\ and of the latter 
TF" - fV\ hence if 5 be the specific gravity required, 

By this method also the specific gravities of air, or 
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any gases, or even of very fine powders, may be ob- 
tained. 

27. The specific gravities of two fluids may be Com- 
pared by weighing the same soUd in each. 

Thus, let W be the weight of the solid in vacuum, 

Wi its weight when immersed in the first fluid, 

TTg..; when in the second fluid, 

then W- W^ is the weight of the first fluid dis- 
placed by it, 

TT- TTg is the weight of the second fluid displaced 
by it; 

but these are the same in volume, therefore if Si, S2 be 
their specific gravities, 

S," W-^ IT/ 

28. Of the weights which enter the preceding 
formulae, those stated to be found by weighing in a 
vacuum, are very properly termed true weights ; those 
found by weighing in any medium are usually called 
apparent weights. The difference between the true and 
apparent weights is afiected by two causes, which tend 
to counteract each other; on the one side, the weight 
which the body requires to balance it, is less than what 
it would require in vacuum by the weight of the medium 
which it displaces ; on the other, the balancing body is 
less than the weight which it is supposed to represent 
by the weight of the medium which itself displaces; 
thus if a true lib. weight and a body Q when placed in 
the two scales of a balance in the air keep the beam 
horizontal, it can only be concluded that the lib. weight 
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diminished by the weight of air which it displaces, is 
equal to the weight of Q diminished by the weight of 
air which. Q displaces; it will be seen that when the 
weight of air displaced by the two bodies is the same, 
the weight of Q is lib. and not otherwise. 

29. In the foregoing methods of finding the specific 
gravities of substances we have deduced them by con- 
sidering them to be proportional to the weights of equal 
volumes ; it may be seen from the formula (S) of Art. 
(11), that they are also inversely proportional to the 
volumes which have equal weights. The two hydro- 
meters which are most generally employed, are con- 
structed respectively upon these two principles. 

The^ Common Hydrometer 

gives the ratio between the volumes of two 
liquids which have the same weight: the annexed 
figure represents it. JB is a very thin gra.- 
duated stem of uniform transverse section, which 
at its lower extremity expands into a hollow 
globe BC ; and to this is fixed a ball of lead D 
suflBciently large to bring the center of gravity 
of the whole instnunent within it. 

To apply the instrument, it is immersed in a 
proposed fluid and allowed to find its position of 
equilibrium, which it will very readily do on ac- 
count of the lowness of its center of gravity, (Art. 
19), the stem will be vertical and the number of 
its graduations cut off by the surface of the fluid, can be 
easily observed; the comparison of this number with 
that given by immersion in the other fluid will lead us 
to the ratio between their specific gravities ; for let S 
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and S' be these, W the whole weight of the instrument, 
V its volume, and a the transverse area of the stem 
AB : when the instrument is immersed in the first fluid 
suppose it to sink to P, then 

W^SiV^aiAP); 

again when immersed in the second fluid suppose it ta 
sink to P' ; then, 

S V-^a,AF 
•'• y" V-a.AP' 

hence the ratio between S and 5' is known when the 
numbers of graduations m AP and AP^ are known. 



A 



30. Nicholson's Hydrometer is adapted for find- 
ing the ratio between the weights of equal 
volumes of two fluids. It is represented in the 
annexed figure ; BC is a hollow buoyant body 
of any symmetrical shape, A is a, cup supported 
upon it by a rigid wire AB, and i> is a similar 
cup suspended below by a wire CD. 

(l) To use this instrument for comparing 
the specific gravities of two fluids. 

Let W be the weight of the instrument, 
W^ the weight which must be placed in A in 
order to make it sink in the first fluid to a 
point P in the stem AB, W^ the weight to be 
placed in A in order to make it sink to the same 
point \xx the second fluid : then the weight of 
the fluid displaced in the first case is TF + W^, 
in the second Jr+ W^ and the volumes are the 
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same in both, therefore if S and S' be the specific gra- 
Tities whose ratio is required, 

(2) To compare the specific gravities of a solid and 
fluid: 

Let Wi be the weight required to be put in A in*order 
to sink the instrument up to P in the fluid ; remove this 
and place the solid in A ; and let JTg be the weight which 
must in addition be put in A in order to sink the hydro- 
meter in the fluid to the same point P ; next place the 
solid in D and let W^ be the weight which must now be 
put in A to sink the instrument to the same point ; 

then the weight of the solid is Wi - W^, 
also its apparent weight in the fluid is W^i - TFg ; 

but this must be its real weight diminished by the weight 
of the fluid it displaces ; .•. the weight of fluid displaced 
by it is JFj-JTa-CTFi-TFi) 

since then this displaced fluid is equal in volume to the 
displacing solid, if S and S' represent the respective 
specific gravities required, 

31. When two or more fluids are thrown together in 
the same vessel they will either become so intimately 
mixed as to form a new fluid, or they will lie in masses 
superimposed upon one another. 

In the first case, if the fluids be incompressible, the 
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specific gravity of the compound will be known when that 
of each of the composing fluids is so. For let Fi, F2... 
r. be the volumes of the difi*erent fluids thus mixed to- 
gether, Si «Sa...*y, their respective specific gravities; 
Fj 4. Fg +...+ F^ is the volume of the resulting mixture, 
and if «9 be its specific gravity, since the weight of the 
whole must equal the sum of the weights of the parts 

(F,+ r^^...^r.)s^r,s,+ v,s^...+ F«*y« 

and therefore 



s^ 



Fi+F, + + r. 



32. In the second case if gravity be the only force 
acting, the common surface of any two of the fluids will 
be a horizontal plane. 

To shew this, let KL 
be the common surface of 
any two fluids in contact, 
AB any given horizontal 
plane in the one, A'B^ in 
the other : take P any point 
whatever in the plane AB^ 
draw PF^ vertical to meet 
A'S m P', cutting KL in Q. 

Then by Art (14) the pressure at P will be constant 
for all its positions in the plane AB, call this pressure jo. 
Similarly the pressure at P^ will be constant and may be 
represented by p\ 

Now suppose a column of fluid whose axis is PP^ 
and whose transverse section is very small and equal a, 
to become solidified, this will not afiect equilibrium ; 
but this column of fluid is kept at rest by the horizontal 
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pressures of the fluids upon its sides, the pressure down- 
wards at P equal pa, the pressure upwards at P' = p'a 
and its own weight, .'. as these two systems, horizontal 
and vertical, must be separately at rest, 

(p' - p) a « weight of solidified column ; 

call PQ, h and QP^, h\ and let the densities of the fluids, 
in which AB and A'B' respectively are, be p and p , then 
since the weight of the column is the sum of the weights 
of the two parts PQ, and QjP', if a be taken small enough^ 
this will become gpha + gph!a, hence we get 

that iSy ph + ph' is a constant quantity wherever in AB, 
P be taken; but A + V being the perpendicular distance 
between two horizontal planes, must also be constant ; 
therefore h and h' must each of them be constant quan- 
tities, or, in other words, Q must be always in a horizontal 
plane, which proves the proposition. 

33. If two heavy fluids each of uniform density be 
placed, one in each of two tubes or vessels which com- 
municate with each other, the heights of their upper or 
free surfaces above their common plane of contact will 
be inversely as their densities : 

Suppose h and h' to be these heights, p and p the 
densities of the corresponding fluids : now the pressure 
at any point at a depth h below the surface of the first 
fluid is gph\ similarly the pressure due to a depth A' 
below the surface of the second is gph' ; but either of 
these estimates must give us the pressure at a point in the 
plane of contact, hence they must be the same ; (Art. 14) 

/. p A ■■ p Ti , or 77 e — . 
^ '^ h p 




EXAMPLES. 27 



EXAMPLES TO SECTION H. 

(l) Let ABC be a rigid pipe of small bore, com- 
municating at C with a vessel 
DCE, whose top DE is move- 
able up and down by some 
means which allows of the 
vessel remaining water-tight : 
it may be a piston fitting 
closely to a cylinder, or it 
may be more simply a board 
connected with the bottom by 
leather sides. If the whole of this be filled with water, 
it is found that a man may easily support himself upon 
DE, by merely closing the top of AB with his finger, 
or he may even raise himself by blowing into AB from 
bis mouth. This phenomenon is sometimes called the 
Hydrostatic Paradox : explain it. 

When the man applies his finger to A, he presses 

the surface of the water in the pipe with a certain force, 

which (by Art. 7), is thence transmitted through the 

fluid to every portion of surface in contact with it : if 

then a be the cross section of the tube at A and P the 

force he applies, a force equal to P will be transmitted 

to eveiy portion of DE which is equal to a ; but if A 

A 
be the whole area of DE, it contains — such portions ; 

a 

A 
therefore the whole force applied upwards to DE = — P, 

a 

which may be quite large enough to support the man^s 

weight, although P is small, provided the area a be 
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A 

small compared with A^ and therefore the fraction — 

a 

a very large number. 

If P be increased beyond this previously supposed 

value, by blowing or otherwise, the man will evidently 

raise himself. 

(2) The pressure at a point P within a body of 
water, under the action of gravity only, is 50 lbs., given 
that the weight of a cubic foot of water is lOOOozs., 
and that the unit of area is a square foot, find the 
depth of P below the surface. 

Let X be this depth in feet, then (by Art. IS) if p 
be the density of the water and p the pressiure at P : 

V ■* SP^ = 50lbs. by the question (l). 

Now the weight of F cubic feet of the water would 
be gp F, (Art. 10.) 

.-. the weight of l cubic foot «=g*/5 = lOOOozs., by the 
question ; 

/. by substitution in (l), 

z X lOOOozs. B 50lbs. B 50 X l6 ozs. ; 

B ^^ inches. 

(3) A cylinder is immersed in water in such a way 
that its axis is vertical and its top is just level with the 
surface ; find the total normal pressure upon its bottom 
and sides. 

By Art. (l6), this total pressure is equal to the 
weight of a cylindrical column of water whose base 
equals the area of the given surface pressed, and whose 
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height is equal to the depth of the center of gravity of 
this given surface below the surface of the water. 

But if r be the radius of the base and h the height 
of our cylinder, the area of the surface pressed is 

-s area of base + area of sides 
as Trr* + 27rrA. 

Again, the depth of the center of gravity of this 
pressed surface below the top of the water 

iri*.h + 27rrA.- 
2 



wr* + 27rrA 



.*. the column of fluid whose weight is sought has a 
volume 

( Trr^A + 2wr -—j 
« (7rr* + 27rrA) x 



wr* + 27rrA 



7rr*A + 27rr — ; 
2 



.'. the pressure required is gp f Trr* A + 27rr — j 

= wgprh (r + A), 
p being the density of the water. 

(4) A triangle ABC is immersed in a fluid, its plane 
being vertical and the side AB in the surface : if 
be the center of the circumscribing circle, prove that 
the pressure on the triangle OCA : pressure on triangle 
OCB :: sin 25 : sin 2 A. 
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The pressures on the 
two triangles will be to 
each other in the same 
proportion as the pro- 
duct of the area of each 
triangle into the depth 
of its center of gravity 
below JB; (Art. 16). 

But if g and g be 
these centers of gravity, 
they will divide the lines 
Ok, Oly drawn from O to the points of bisection of AC 
and BC respectively, in the same proportion ; therefore 
they will be in a straight line parallel to that joining k 
and I, and therefore parallel to JB. 

Hence the pressures required will be as the areas 
only, i. e. pressure on OCA : pressure on OCB 

:: area OCA : area. OC-B 
:: sin AOC : sin BOC 
:: sin ^ABC : sm 2BAC. 

Q. E. D. 

(5) A regular hexagon is immersed vertically in a 
fluid, so that one side coincides with the surface ; com- 
pare the pressures on the triangles into which it is 
divided by lines drawn from its center to the angular 
points. 

(6) A cylinder whose height is 4 feet is sunk in 
water with the axis vertical till its upper face is 805 feet 
below the surface and the pressure on the top is found 
to be 35 lbs ; find the pressure on the lower face, neglect- 
ing the pressure of the atmosphere. 



EXAMPLES. 31 

(7) Find the whole pressure on a square immersed 
in a fluid yfiih one comer in the surface, one diagonal 
horizontal and the other inclined at an angle a to the 
vertical. 

(8) A vessel containing water is placed on a table ; 
supposing the vessel of such a shape that only half the 
fluid is vertically over its base, what is the pressure on 
the base ? Is this the pressure on the table ? Explain 
your answer. 

The reasoning of Art. (4) aided by a reference to 
the second figure of Art. (14) will explain how a rigid 
surface may supply the place of a vertical column of 
fluid. The rigidity is the result of internal forces and 
does not affect the pressure on the table. (See Art. 56.) 

(9) The same quantity of fluid which will just fill a 
hollow cone is poured into a cylinder whose base equals 
that of the cone : compare the pressures on the bases, 
the axes of both vessels being vertical. 

If the cone and cylinder be resting on a horizontal 
plane state how the pressures on this plane will be afiect- 
ed, and explain the case fully. 

(10) Suppose a pound weight of a substance twice 
as specifically heavy as water to be hung into the water 
contained in a vessel, which is standing on a table, by 
a string not attached to the vessel, what would be the 
increase of pressure on the table ? 

(11) A cylinder of given radius, height, and specific 
gravity, is partially immersed with its axis vertical in 
water, being held up by a string which is attached by one 
end to its top, and by the other to a fixed point vertically 
above the cyUnder : supposing the string to stretch l inch 
for every 5 lbs. which it supports, and that its unstretched 
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length a feet, just allows the bottom of the cylinder to 
touch the water, and that a cubic foot of water weighs 
lOOOozs, find the depth of immersion. 

Let this depth be z feet : also let h be the height of 
the cylinder and r the radius of its base in feet, <r its 
specific gravity. 

Then the volume of water displaced by the cyUnder 
is vrr^x cubic feet, and therefore the weight of it, which 
is the same as the resultant of the fluid pressures upwards 
upon the cylinder, must be (Art. 17) 

«= irirz — ;r-lbs. 
16 

Also since the string is stretched z feet, its tension 
must by question, 

«= 12^ X 5 lbs. 

Now these two forces, each acting vertically upwards 
upon the cylinder through its center of gravity, and the 
weight of the cylinder itself acting vertically downwards 
through the same point, are the only forces which are 
acting upon the cyUnder, therefore, for equilibrium it is 
only necessary that the sum of the first two equal the 

last, but the weight of the cylinder « wr^A x o- x — r-lbs. 

10 
1000 ^ \ _ 1000 



16 



/ 1000 \ 

.*. ;» l^r^— T-+ 60j =7r(7r*Ax 

or 5jf = feet. 

24 

7rr* + — 

25 

It should be observed that all the symbols here used 
are necessarily by the statement numerical quantities. 
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(12) What weight is just sufficient to hold down a 
spherical balloon containing 2500 cubic feet of hydrogen 
gas (specific (gravity .069) supposing the weight of the 
material inclosing the gas 4 lbs. and the weight of a 
cubic foot of common air 1.1 oz. ? _ 

(IS) . A cylinder which floats in water under an ex- 
hausted receiver has f of its axis immersed ; find the 
alteration in the depth of immersion when air, whose 
specific gravity is .0013, is admitted. 

(14) A cone 7 inches in height and 2 inches in dia- 
meter at its base is attached to a hemisphere of equal 
diameter: the specific gravity of the cone is 1.5, that of 
the hemisphere is 1.75, find the specific gravity of the 
fluid in which this compound body will sink to a depth 
of 3 inches. 

(15) When SOozs. of an acid A whose specific gra-» 
vity is 1.5 are mixed with 35ozs. of an acid B whose 
specific gravity is 1.25, and with 35 ozs. of water, the spe- 
cific gravity of the resulting mixture is found to be 
1.35 ; find the contraction of volume, assuming the spe- 
cific gravity of water to be 1, and the weight of a cubic 
foot of its volume to be lOOOozs. 

Of* 

The volume of 35 ozs. of water =s --^ — cubic feet, 

1000 

30 
30 A 



35 B « 



1.5 X 1000 
35 



1.25 X 1000 

3 
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Also the volume of the lOOozs. of mixture 

cubic feet; 



1.35 X 1000 
•% the loss of volume is 

/ so 35 100 \ 1 ,. ^ , 

{35 + — + cubic feet. 

\ 1.5 1.25 l.S5y 1000 

(16) A man whose weight is l68lbs. can just float 
in water when a certain quantity of cork is attached to 
bim. Given that his specific gravity is 1.12, that of 
cork .24, and that of water 1, find the quantity of cork 
in cubic feet, assuming a cubic foot of water to weigh 
lOOOozs. 

Let V be the required number of cubic feet of cork, 

1000 

then r X .24 X — -- + 168 is the weight of the man and 
16 

cork together in lbs. 

By the question this must be just equal to the weight 

of the same volume of water ; and the volume of the 

man in cubic feet is , because each cubic 

1.12 X 1000 
foot of him weighs 1.12 x lOOOozs., (Art. 11.) and his 
whole weight is given to be l68lbs. ; 

f^^ I68xl6 \ 1000„ /^ 1000 ^ \ • 

.'. V+TTZ — 7;^K^^^S- « K ^ -2* ^ —^ + 168 libs., 

V 1.12 X 1000/ 16 V 16 y 

rCi - .24) —~r = 1^8 

^ '^ 16 1.12 

» — - X 168, 
112 



EXAMPLES. 



S6 



16 X 1^ X 168 16 X 12 X 168 



112 X .76 X 1000 



112 X 760 
6 X 168 6 X 42 



7 X 380 7 X 95 
/. r=. 37895 of a cubic foot. 

(17) If in a circular tube two fluids be placed so aa 
to occupy 90'» each, and 
if the diameter joining 
the two open surfaces 
be inclined at 60^ to 
the rertical, prove that 
the densities are as 
v/J + 1 : \/i - 1. 

Let ACBD be the 
tube ; AD, BD the por- 
tions of it occupied by 
the two fluids whose 
specific gravities may be 
represented by p and p 
respectively : if the diameter AOB be drawn, it will be 
inclined to the vertical at an angle 60^ Let the hori- 
zontal line through Z>, the common surface of the two 
fluids, meet the verticals through A, O and B respectively 
in M, N, and P, and draw Afy Bg perpendicular to ON. 

Then, by (Art. 33), 

£ BP ON+Og OP Bia6(fi+ OB cos 60P 

p '^'AM^ on- Of " OZ>sm600-O^cos60^ 

tan 60° + 1 
" tan 60« - 1 

\/i+l 




\/3-l 



3—2 
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(18) Equal volumes of oU and alcohol are poured 
into a circular tube so as to fill half the cii^cle, shew 
that the common surface rests at a point whose angular 
distance from the lower point is tan'^-jl^; the specific 
gravities of oil and alcohol being .915 and .795. 

(19) A body P weighs lOlbs. in air and 7lbs. in a 
fluid J: if it be attached to a denser body Q and then 
suspended in another fluid B, the apparent weight of 
both bodies is 5 lbs. less than that of Q alone ; compare 
the specific gravities of A and B. 

(20) A cone floats in fluid with its axis vertical, the 
vertex being downwards and half its axis immersed, 
compare the specific gravity of the cone with that of 
the fluid* 

(2 1 ) The specific gravities of sea-water, olive-oil, and 
alcohol are 1.027, .9^5, and .795 ; the oil and alcohol ha^e 
depths one inch and two inches above the water. Find 
the pressure on 3 square inches of a plane surface which 
is immersed horizontally at a depth of 5 inches below 
the upper surface of the oil : the weight of a cubic foot 
of distilled water being lOOOozs. 

(22) If « be the specific gravity of a body whose 
bulk is n cubic inches and weight mozs., then 

m X 1728 = 1000 X n X «• 

(23) Two substances whose weights in air are known 
are found to balance one another in water: compare 
their specific gravities. 

(24) The specific gravity of zinc is 6.862, what is the 
weight of the water displaced by a portion of it, which 
when immersed weighs 5.86^ lbs.? 
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(25) The volume between two successive divisions 
of the stem of a hydrometer being ydW*^ P^^ ^^ *^® 
bulk of the whole instrument, if it floats in water with 
20 divisions above the surface, how many divisions would 
be above the surface of alcohol, (specific gravity .79) ? 

(S6) A hydrometer that weighs 250 grams, requires 
94 grains to sink it in water to the requisite point, 
and 8 grains in naphtha ; when a substance is placed 
successively in the upper and lower cup, l^ grains and 14 
grains are respectively sufficient to sink the instrument 
in naphtha to the requisite point ; required the specific 
gravity of the substance. 

(27) How many inches are there in the edge of a 
cubical mass of coal which weighs 1 ton, its specific 
gravity being 1.12 ; and what is the specific gravity of 
silver one cubic inch of which weighs 6.1 ozs. ; also what 
is the weight in ozs. of SO cubic inches of mercury, its 
specific gravity being 13.6 ? 

(28) If Wi W2 tOt be the apparent weights of a body 
when weighed in three fluids whose densities are respec- 
tively pi p% pif shew that 

^i {p3- pd + ^B (pi " pi) -^ ^9 (p» - pi) - 0- 

(29) Two metals of which the specific gravities are 
11.22 and 7.25 when mixed in certain proportions without 
eondensation form an alloy whose specific gravity is 8.72 ; 
find the proportion by volume of the metals in the alloy. 

(so) A small vessel when entirely filled with distilled 
water weighs 5S0 grains ; 26 grains of sand are thrown 
into the vessel, and the whole then weighs 546 grains, 
^hew that the specific gravity of the sand is 2.6. 
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(31) A crystal of saltpetre weighs 19 grains : when 
<50vered with wax (the specific gravity of which is .96) 
the whole weighs 43 grains in vacuo and 8 grains in water. 
Shew that the specific gravity of saltpetre is 1.9* 

(32) S7lbs. of tin loses 5 lbs. in water, 23 lbs. of lead 
loses 2 lbs. in water, a composition of lead and tin weighing 
120lbs. loses 14lbs. in water, find the proportion of lead 
to tin in the composition. 

(33) A solid hemisphere turning round a fixed hori- 
zontal axis fits into a fixed hemispherical cup : shew that 
if the hemisphere be turned through any angle, and the 
cup then filled up with fluid of double the specific gravity 
of the solid, the solid will rest in that position. 

Let ADB be a section of the hemispherical cup made 




D 

by the plane of the paper, perpendicular to the fixed 
axis about which the solid turns, C this axis, and HDJBK* 
the solid turned through any angle ACH. If the part 
AHCoi the cup be now filled up with fiuid whose specific 
gravity is double that of the solid, eqmlibriiun will be 
preserved. 
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For it is manifest that equilibrium would obtain, if 
the space HCK were iBIled up with a portion of the 
same substance as the solid hemisphere. Also since the 
centres of gravity of the two figures HCA^ ACK are 
necessarily in the same vertical line, the effect of HCK 
in producing equilibrium must be the same as a uniform 
solid HCA whose weight is equal to the sum of the weights 
of HCA and ACK together, i. «. as a imiform solid 
HCA having double the specific gravity of the given solid. 
But since AC is horizontal no new circumstances affecting 
the pressure on HC would be introduced by supposing 
this solid to become liquid, which would produce the 
proposed case : hence the truth of the proposition. 

(34) Is it advantageous to a buyer of diamonds that 
the weighing of them should be made when the baro- 
meter is high or when it is low, supposing their specific 
Suavity to be less than that of the substance used as the 
weight? (Art. 28.) 



SECTION III. 

ELASTIC FLUIDS. 

34. Elastic fluids are either permanent gases, or 
vapours which upon a sufficient reduction of temperature 
assume the state of liquids : of these last steam may 
afford an example. There is however no hydrostatical 
distinction between gases and vapours, indeed there is 
every reason to think that they only differ physically 
in the range of circumstances under which they may 
be severally considered permanent^ 
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As in inelastic fluids, the pressure at any point withia 
an elastic fluid is due partly to the transmission of forces 
from the surfaces of the fluid, according to the law of 
(Art. 7)9 and partly to the direct action, at that point, 
of gravity or any other external force; but the one 
great distinction between the two kinds of fluids is, that 
in the inelastic this pressure does not alter the relative 
distances of the adjacent particles from each other ; they 
appear capable of affording reactions to any required 
amount, as is the case with rigid surfaces in contact, 
without their geometrical relations to each other being 
affected; while in elastic fluids, the reactions between 
a<^acent particles seem to depend upon their mutual 
distances, the greater the force thus required to be 
Called forth the nearer the particles approach each 
other, and the smaller the volume of the mass becomes 
(Art. 8) ; upon the diminution of this force they again 
recede, and the volume increases. The resultant of 
these reactions may therefore very well be termed the 
elastic force of the fluid at that point ; an experiment 
directed to ascertain its relation to the state of com* 
pression of the particles, i. e. to the density of the fluid, 
will presently be described. 

35. The weight of elastic fluids such as air, is 
generally for the ordinary volumes and densities, which 
come under our notice, so small that it may be entirely 
omitted in comparison with the transmitted forces ; the 
pressure then becomes uniform for every point through-* 
out the mass, unless the circumstances of the case intro- 
duce other external forces. But the effect of gravity 
upon the mass of air contained in the enormous volume 
of the atmosphere produces a pressure at the earth's 
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surface which dan never be neglected ; its amount may 
be easily estimated by the aid of 



The Barometer, 

36. Suppose a tube BA of considerable 
length and filled with mercury, to be inverted 
into a vessel DG also containing mercury; 
then if the end B remain closed and A be 
opened, the mercury in the tube will be ob- 
served to sink to a certain point C and no 
farther, leaving a vacuum in the upper part 
BC of the tube ; let DKE be the common sur- 
face of the external air and the mercury ; then 
the pressure at every point of this must be the 
same (Art. 14) ; that at any point without the 
tube is due to the weight of the atmosphere, 
call it n» and at any point within the tube it 
is due to the weight of the column CKoi mer- 
cury, hence if cr be the specific gravity of mercury, and h 
be the vertical height of KC, we must have (Art. is), 

Any such instrument, as we have here described, 
furnished with graduations or any other means of ob-> 
serving the length KC or A, is called a Barometer. It 
is obvious that any other heavy inelastic fluid might 
be used instead of mercury, but as h varies inversely as 
o- for a given value of 11, it is always advantageous to 
employ as heavy a fluid as possible, because the instru- 
ment becomes very awkward when BK is required to 
be long ; even with mercury the length of h is about 30 
inches for the ordinary pressure of the atmosphere. 
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37. The elastic force of air at a given temperature 
varies inversely as the volume which it occupies. 

This law, which is generally called Boyle's Law, after 
its discoverer, is verified by the following experiment. 

• Let a tube, bent so that its two branches JB and 
BC are parallel, be partially fiUed with mer- 
cury, and placed so that each branch is 
vertical; the mercury will then stand at 
the same level, DE, in each of them ; let 
the extremity C of the branch BC be now 
closed ; the pressure at every point of the 
air thus shut in CJS is uniform (Art. 35), 
and of course equal to the atmospheric 
pressure ; now let more mercury be poured 
into the open end J ; this will cause the 
surface of the mercury to rise both in BA 
and BC, but unequally: the point F^ to 
which it ascends in BC, being much lower 
than G, which it attains in AB. It is always 
found upon ascertaining the volumes CF 
and CE, which may be done by weighing 
the mercury which they would separately 
contain, and upon measuring the vertical length FG^ 
that if h be the height of the barometer observed at 
the time of making the experiment, 

h-^FG rol.CE 
h ""volTCF* 

But if cr be the specific gravity of the mercury, FI the 
pressure of air in CE before the additional mercury was 
poured in, since, as above remarked, this must equal the 
pressure of the atmosphere. 
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Also if n' be the pressure of the air when compressed 
into the space CF, since this must be the same as that 
of the mercury at the level F in the tube, and therefore 
equal to the atmospheric pressure at G, together with 
the weight of the column JFG, 

n' - crA + (tFG « (t (A + FG), 

n' h + FG 



c 

•• n" A^ 

vol.C^ 
^ Yol.CF* 

Therefore when compressed the elastic force 
of air is inversely as the space which it occu- 
pies. 

Next let the experiment be so far altered 
that instead of the step of pouring more 
mercury into J, a porfion of the mercury 
already in the tube be removed; F and G 
may, as before, represent the surfaces of the 
mercury in BC and BA respectively, but in 
this case F will be higher than O, and both ^ 

of them lower than DE. 

Upon measuring as before^ it will now be found 
that 

h-FG vol. CE 
h "vol.C-F* 
Also n and 11' having the same melEuiing as before^ 
n-crA; 

and because 11' is the pressure at F^ and therefore 
less than the atmospheric pressure at G by the weight 
of th^ column of mercury FG^ 
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n' vol. CE 

hence — «= • 

n vol. CF 

And therefore the Law enunciated holds equally whetlier 
the air is compressed or expanded. 

It can in a similar way be proved true for all other 
elastic fluids. 

88. As the density of the same quantity of an 
elastic fluid varies inversely as the space which it occu- 
pies, we may put the above law into a more convenient 
form, and .say, that the pressure at any point within a 
portion of. uniform and elastic fluid varies as the den-r 
sity of that portion, or, since it is quite unimportant 
how large this portion may be, we arrive at the general 
conclusion, that if p be the pressure at any point of an 
elastic fluid, and p the densityl^f the fluid at that pointy 
then 

where k is constant for the same fluid at the same tem<« 
perature ; its value may be ascertained by experiment. 

The formula which connects p and p when the tem-^ 
perature of the fluid varies will be the subject of inves- 
tigation in Section V. 

39. By the aid of this result we .may discover the 
law of variation of the density of the atmosphere in 
reference to the elevation above the earth's siuface, 
supposing the temperature to be constant, and the force 
of gravity to be the same as that at the earth's surface. 

Suppose the atmosphere up to any proposed height 
« feet from the earth, to be divided into a great 
number of horizontal layers of equal thickness r ; by 
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taking this number, (which may be represented by n) 
large enough, t may be made so small that the density 
throughout each layer may b^ considered approximately 
unifoirm, and equal to that at its lowest point ; let p, 
represent generally the density at the lowest point of 
the «*^ layer, reckoning upwards from the earth's surface, 
Pg the pressure at the isame point, k the known constant 
proportion for air at the given temperature between the 
pressure and the density : then (Art. SS.) 

Ps-i = *^p*-r 

Also, since the pressure at the bottom of each layer, 
must support the weight of all the superincumbent 
atmosphere, the diiFerence between p, and j9,.|, must be 
equal to the weight of the intervening coliunn of air, 
whose height is r, and approximate density p«.p so that 

P*-i - P-r = tps^iT, nearly ; 
.'. by substitution, 

* (pi-i - ps) = grps^i, 

ps-l & 

a ratio which is constant and less than unity, and there^ 
fore the densities of. the successive layers, proceeding 
upwards from the earth's surface, form the terms of a 
decreasing geometric series. 

If X be the height above .the earth's surface of the 
top of the n'^ layer, a convenient form may be found 
for comparing the densities at the two heights x and z, 
which .will indicate a means of finding by the aid of 
the barometer the difference between them. 
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Writing down the ratios of all the successive den- 
. sities between z and «' we have 

^-1-? (1). 

^-1-^.... (2). 

&C, a &C. 

—-=1 --TT (^^ ^)- 



but « ss nr, 



» = w t; 



w -w 



%"% 



T 

and, by substitution. 



"a. 



The smaller t is made, the more nearly does our 
reasoning approach the real case, and therefore the 
more nearly will this result be true. 

But putting for convenience % - «r', the diflference 
between the two heights, equal to a?, and expanding by 
the exponential theorem, 

W I IS \ 
V */ T & 1.2 V*/ 
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A? 1.2 A* 1.2.3 ft» 

which, as T is made smaller and smaller and approaches 
zero, approaches to the value 

gx 1 ^af 1 ^u? 

A ^1.2 l^ 1.2.3 A» ^ ^-^ 
that is, the more nearly our supposed case approaches 
the real one, the more nearly true is the equation 

p^^ A? ^1.2 A* 

= 6 * . 

We may therefore take this to be the true value of 
the ratio between the densities of the air at two heights, 
% and % feet above the earth's surface, upon the sup- 
position of gravity and temperature being both constant. 

40. If A and Ti be the observed heights of the 
barometer at places whose elevations above the earth's 
surface are % and %\ these must be proportional to the 
pressures, and therefore to the densities of the atmo- 
sphere at those places, hence 

Pn A _ P(*~<0 ^ 






Pr' ^ 



-^-Mi\' 



g 

a formula from which the difference between the heights 
above the earth of the two places, z and «' may be rea- 
dily found. 
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It need hardly be observed that the lengths x^z, T^h^h' 
are all necessarily estimated in terms of the same unit. 

In practically finding the height of a place by baro- 
metrical observation, the variation in temperature and in 
gravity cannot be neglected ; the hygrometrical state, toojt 
of the atmosphere must be considered ; for these reasons 
the preceding formula cannot be directly mado use of, 
but the method by which it was obtained suflSciently well 
illustrates the principles followed in the general case. 

41. The instruments whose description fills up the 
remainder of this section are some of those whose action 
depends upon hydrostatical principles. 

The jiir Pump 

is employed to exhaust the air from a closed vessel 
called a receiver. There are many modifications of this 
instrument, but the principles upon which they all de- 
pend, and the parts of them essential to their working, 
are illustrated by the annexed figure. 

A is the receiver, generally a large glass vessel, 
having its edges ground 
very smooth ; it is placed 
upon a polished plat- 
form, through which it 
communicates by the 
tube HC with the cy- 
linder B\ DE is a pis- 
ton closely fitting, this 
cylinder and worked by 
the rod G; in the pis- 
ton DE and at the ex- 
tremity of the tube HC 
are the valves C and jP, both opening outwards. 
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Suppose the receiver A to be full of air at atmo- 
spheric pressure^ and the piston DE to be at the bottom 
of the cylinder B : next suppose DE to be drawn up 
by the rod G\ as it rises the valve F must remain shut, 
for it will be pressed in by the external atmosphere, 
therefore no air can enter B from without, and C being 
thus free from any downward pressure, will be opened 
by the pressure from the air within the cylinder A ; 
hence this air will flow into J9, and when DE gets to 
the top of the cylinder, the quantity of air which at 
first filled A alone will fill A and B together ; and there- 
fore the quantity which is now in ^, is to the quantity 
which was there at first, bays A i A'\- B, A and B re- 
presenting the volumes of A and B. Now suppose DE 
to descend; C immediately shuts, and the air in B being 
compressed by the descent of DEy overcomes the pres- 
sure of the external air upon F and therefore opens the 
valve and escapes, the Bxcin A remaining undisturbed; 
hence when the piston has returned to its first position at 
the bottom of the cylinder, or, as it is usually termed, has 
completed its stroke, 

quantity of air in J at end of stroke 

A 

« — X (quantity there at beginning.) 

A + B 

By a repetition of the strokes, the quantity of air 
in A may be diminished in the same proportion every 
time, and by proceeding long enough, although we 
cannot reduce it to absolute zero, we may make it as 
small as we like. 

42. If Q, Qi, ... Q» represent the mass of the air in 
A originally, and at the end of the first, second, and n^ 
strokes respectively, we have from the above reasoning 

4 
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*-JTb«' '''• 

&c. « &c. 



.-. by multiplication, 

A 



*-(34i,)'* 



Also, if p, pi...p„ represent the densities of the air in A 
at these times respectively, since the density varies as 
the mass in the same volume 

43. It will be remarked that, for the efifective 
working of this instrument, the valve F must open as 
DE descends, and shut when it rises, while just the 
reverse must be the case with C. The first will clearly 
be insured if DE be made to fit very closely to the bottom 
of the cylinder, for by that means, however small the 
quantity of air in B, as DE descends, it will always at the 
end of the stroke be so compressed that its elastic force 
upwards shall exceed the pressure of the external atmo- 
sphere upon F together with Fs own weight, which are 
the two forces tending to keep F shut ; and it is manifest 
that as DE rises, the first of these two forces acting 
downwards on jF is greater than that of the rarefied air 
in A and B, and hence F will never open at this stage. 
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As regards (7, when DE first moves towards the top of 
the cylinder, there will be no air to press it downwards 
from B, and the sole force acting upon it from that 
direction will be its own weight ; if therefore the elasti- 
city of the air left in A can overcome this, the valve 
must open and admit a portion of the air into B, which 
will be very approximately of the same density as that 
left in A, the only check to the equalization being the 
weight of C: hence clearly there will be no diflBculty 
about Cs shutting as D descends. It thus appears that 
the weight of C is the only cause which limits the amount 
of exhaustion capable of being produced in A. In con- 
sidering the action of the valves friction ought not 
perhaps to be neglected, but in the kind of valve most 
generally used, which is merely a square or triangular 
piece of oiled silk fastened by its corners over a wire 
grating, it seems to be reduced to an extremely small 
amount. 



44. The force, required in an 
instrument of the above construction, 
to draw up the piston, is the difierence 
between the pressure downwards of 
the external atmosphere upon DE 
and that of the rarefied air in B upon 
the same surface upwards : at every 
stroke this difference increases and 
soon becomes very considerable ; of 
course the same force acts in aid of 
the downward stroke, when it is not 
wanted : Hawksbee's air pump is dis- 
tinguished by a contrivance which 
neutralizes these forces : the annexed figure represents 

4 — 2 
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a portion of it ; two cylinders B and B of exactly the 
same dimensions and provided lYith valves and piston- 
rods, as before described, communicate by pipes lead- 
ing from the lower valves C with the same receiver H. 
Both piston-rods are worked by the same crank and 
toothed wheel, and consequently as one ascends the other 
descends; the atmospheric pressiure there- 
fore which retards the ascending one is 
exactly balanced by that which accele- K 
rates the descent of the other. 



45. In Smeaton's air-pump one cylin- 
der only is used, but this is provided 
with a valve K at its upper extremity , 
opening outwards : the effect of this is to 
take off the external atmospheric pressure 
during a part of the stroke. 

46. The Ccmdenser, 

as its name denotes, is employed to force 
air into a vessel or receiver up to any 
required density,. The annexed figure 
represents it. 

A is the receiver, generally a very 
strong hollow copper sphere ; J9 is a hollow 
cylinder within which a piston DE works, 
carrying a valve F which opens downwards: 
B and A communicate by means of a pipe, 
at the orifice of which is a valve C also 
opening downwards; the piston DE is 
worked up and down by means of the 
rod G. 

Suppose A and B to be filled with air 



^ 




ELASTIC FLUIDS. 53 

at atmospheric pressure, then as DE descends, F shuts 
and C opens, and thus the air which was initially in B is 
forced into A : when DE begins to rise the pressure 
of the air in A shuts C, so that during the whole ascent 
the quantity of air in A remains unaltered, but mean- 
while F opens, and at the end of the stroke B is again 
as at first full of air at atmospheric pressure ; hence 
it is clear that by a repetition of this process, at 
every complete stroke a quantity of air equal to that 
contained by B at atmospheric pressure will be forced 
into A. Hence if A and B represent the volumes of A 
and B respectively, and if Q be the quantity of air esti- 
mated by its mass, which is contained in A at atmo- 

spheric pressure, then since — Q will be what B contains 

at atmospheric pressure, after n strokes A will contain 

B 

the quantity Q + n-rQ: or, representing this by Q^, 



Q.-q(i+w^). 



If pn and p represent the corresponding densities, 



P 



B 



p A 



The Common Pump. 



47. The construction of this pump is explained 
in the annexed figure: AB is a cylinder in which a 
tight fitting piston EF is worked by means of a rod 
H\ EF carries a valve G which opens upwards, and 
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at the bottom of the cylinder is a valve D also open. 

ing upwards, and covering the orifice 

of a pipe D which communicates with 

a reservoir of water at /: BC is the 

highest range of the piston, and JT is 

an open spout. 

For the explanation of the working 
of this pump, suppose JSF to be at J the 
bottom of the cylinder; then when it 
begins to rise, there being no longer 
any downward pressure upon D, the air 
in DI will open it by its elasticity and 
will flow into the space between A and 
EF; it will thus become rarefied, and 
therefore its pressure upon the water 
within the pipe DI will be less than 
that of the atmosphere upon the external surface of 
the water ; the water will consequently be forced a little 
way up the pipe, until the pressure due to the rarefied 
air and this column of water is equal to that of the 
atmosphere. Since the air in the pipe becomes more and 
more rarefied as EF ascends, until it has attained its 
greatest height BC, the column of water in the pipe 
win all this time be continually increasing. When £F 
descends, D will shut, and, as in the air-pump, the air 
between EF and J will be gradually condensed until it 
opens the valve G, and entirely escapes by it, while the 
condition of the air and water in the pipe DI will remain 
unchanged. When EF has returned to J the stroke is 
completed, and it is easy to see that a repetition of it 
will cause the water to rise gradually higher and higher 
in DI, until at length it will enter the cylinder BA : the 
next rise of the piston will, of course, remove all the air 
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remaining above the surface of the water in BA together 
with some of the water itself, and ever after, provided 
AD be not higher above the surface of the water I than 
the height of the column of water required to balance 
the atmosphere, the water in the pipe will follow the 
rise of the piston up to same level in BA, and hence 
at every successive stroke the piston which returns 
through this without disturbing it will lift out at the 
spout K the quantity of water contained above A. 

The cause which makes the water rise in the pump 
is, as appears by the above explanation, the excess of the 
atmospheric pressure upon the surface of the external 
water, above the pressure of the rarefied air upon the 
internal water, and therefore the extreme limit to which 
this internal water can rise, is the height of the column 
in the water barometer, or about 32 feet : but it is clearly 
necessary, fojr even a partial working of the machine, 
that the free,surface of the water within the pipe should 
come above 4 » bence it is essential that the lower part 
of the cylinder of a pump be at a distance less than 
32 feet from the surface of the reservoir, from which it 
is required to raise the water. 

48. If a be the area of the piston EF, the force 
employed by means of the rod Hio raise it at any stroke, 
is, omitting the consideration of friction, equal to the 
difference between the pressure upon a of the external 
air downwards and the pressure upon a of the internal 
rarefied air upwards ; now if o* be the specific gravity of 
water, h the height of the water barometer, the pressure 
of the air is o-A : also if P be the height of the water in 
the pipe at the time of the stroke, the pressure of the 
rarefied air at the piston being the same as that at P, 
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must be the same as that externally at / diminished by 
that due to the column PI; it therefore equals ah — <rPT 
« (T (A - PI). 

therefore pressure downwards upon piston « aha 

upwards = a{h — PI) a 

.*. the tension of the rod which is the di£Eerence be- 
tween these 

^aPIa 

« weight of column of water whose base is EF 
and height PL 



49, The Lifting Pump 

is the same as the common pump, except 
that the rod H plays through a water-tight 
socket, and the spout K is replaced by a 
pipe of any required length, provided at 
its junction with the cylinder with a valve 
X, which opens outwards. It is evident 
that as the piston descends this valve will 
shut and prevent the water, raised into the 
pipe K by the previous ascent of the piston, 
from returning, and hence every stroke will 
lift more water into K until it be raised to 
any required height. 



Gk 



D 

T 



50. The Forcing Pump 

is another modification of the pump, by which water 
may be raised to any height. In this case the piston 
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EF contains no valve, but is quite solid : 
at the bottom of the cylinder BJ enters 
a pipe MN of any length whatever, pro- 
vided with a valve M which opens out- 
wards. At the descent of the piston D 
shuts and the water between EF and A 
id forced up the pipe MN\ upon the rise 
of the piston the return of the water from 
MN is prevented by the valve M. 

BramaKs Press. 
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51. The annexed figure represents this machine: 
0| — .^K 
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-i is a very large solid cylinder or piston, working 
freely through a water-tight collar EE into a hollow 
cylinder EFGH\ A supports a large platform JBC, which 
is carried up or down by the ascent or descent of A, 
At if is a pipe whose orifice is covered by a valve open- 
ing into the large cylinder GH and which leads into a 
smaller cylinder LM\ in this cylinder works a piston 
L by means of a rod iV, and at the bottom is a pipe 
leading to a reservoir of water and covered by a valve 
M which opens into the cylinder LM. 

Suppose both cylinders to be filled with water and 
the valve M to be closed ; if then a force be applied to 
the piston i, it will be transmitted through the fluid to 
all surfaces in contact with it, and therefore to the lower 
surface of -4 ; by this means A will be pushed upwards, 
and any substance placed upon the platform may be 
pressed against a fixed framework I)K\ when L has 
arrived at the bottom of the cylinder it can be drawn 
back, the water in GH will then be prevented from 
returning by the valve H, and water will also be pumped 
through M into the cylinder LM\ L may now again be 
forced down, and therefore A be raised higher, until the 
substance between BC and DK has been sufficiently- 
compressed. This machine may also be employed for 
the purpose of producing tension, in rods and chains, 
&c., by rigidly attaching a piston-rod to the lower part 
of A, which should pass through a Water-tight collar in 
the bottom of the cylinder GF, and carry a ring at its 
outer extremity, to which the rod or chain to be 
strained may be connected. 

The pressure exerted by A may at any instant be 
removed by unscrewing a cock at G, by which means 
the water is allowed to escape. 
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Let W represent the force with which A is pressed 
upwards, during a stroke of L downwards, made under 
the action of a force F; we may consider these forces 
as just balancing one another, and the pressure at all 
points of the water to be uniform, as the effect of gra- 
vity may be neglected in comparison with the pressure 
transmitted from jP and PT; let this be represented by 
p ; if then r be the radius of the lower end of A, r 
the radius of the surface of Z, we have, 

TF= pressure on end of A ^ pwr-, 
F= pressure i«p7rr^; 

If, moreover, as is usually the case, F is produced 
by the aid of a lever, whose arms are represented by 
a and a\ and the power by P, 



p 


a 




F~ 


a 


> 


P 


a' 


v* 


W 


a 


r» 



This ratio may be rendered excessively small by 
reducing a and r as compared with a and r, and the 
only limit to the enormous force which this machine 
may be made to exert, is put by the strength of the 
materials of which it is framed. In the Press which was 
used at the construction of the Britannia tubular bridge, 
the large cylinder GF was many inches thick of cast 
iron, and yet at the first stroke the water was forced 
through its substance as if it had been a sponge. 
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Tlie Siphon. 

52. If a bent tube, as ABC, in the annexed figure, 
be filled with water, and then, 
both its extremities being closed 
to prevent the escape of the 
water, if it be inverted and one 
of its ends A immersed in a 
vessel of water whose surface 
is exposed to atmospheric pres- 
sure, while the other C remains 
outside the vessel at a level 
lower than the surface D of the 
water in the vessel, and if, when 
in this position, the ends A and 
C be opened, the water will be 
observed to flow continuously from the vessel, along the 
tube and out at the extremity C, until the surface D 
has been lowered to the level of C A bent tube so 
employed is called a siphon. 

The explanation of this phenomenon is as follows : If 
in the side of a cylinder GH con- ^ 
taining water, an orifice F be made 
below the level of the free surface 
GE^ the water will of course flow 
out ; for the particles of fluid in- 
side at Fare pressed outwards with 
a fluid pressure equal to the pressure of the atmosphere 
at the level AE together with that due to the height 
EF of water, while they are pressed inwards by the 
pressure of the air at F equal to the pressure of the 
atmosphere at the level E together with that due to ' 
the height EF of air; it is therefore on the whole 
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pressed outwards with a force proportional to the depth 
EF, the proportion being the difference between the 
specific gravities of water and air. The same would be 
true for a vessel of any shape, because, whenever a fluid 
is continuous throughout a vessel, and is acted upon 
by gravity alone, the pressures at the same level below 
the surface are the same in every portion of the fluid. 
In the first figure given above, the water in the tube 
and in the vessel forms one continuous mass, hence the 
pressure at all points in the same level, wherever taken, 
must be the same, and therefore the fluid pressure in 
the tube at C must be the same as the fluid pressure 
in the vessel at C\ C and C" being in the same hori- 
zontal line : if then C be lower than the free surface 
D, the water will flow out at C : by the removal of each 
particle of water, all resistance to the motion of the 
next behind it, under the pressure to which it is sub- 
jected, disappears, and thus a continuous stream will be 
produced towards C. 

If we fiurther consider the pressure at different 
points in the tube ABO, for all those which are in the 
leg BC below the level of D it will, from what is said 
above, be greater than that of the outside atmosphere, 
and therefore if an aperture were made at any such 
-point, the water would flow out as it does at C ; for all 
those, however, which are above this level in either leg, 
as for instance in any level iX, it must be less than that 
at D by the amount of the pressure due to the weight 
of the intervening column D'D of water, while the pres- 
sure of the exterior atmosphere in the same level differs 
from that at D by the weight of the same height of air 
only : hence the pressure of the fluid in the tube at the 
level D' is less than the corresponding pressure of the 
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external air, and if therefore an aperture were made 
at any such point Z)', the air would flow in and drive 
the water out along each leg of the tube. 

The highest point B of the tube must not be more 
than 32 feet above the free surface D of the water in 
the vessel, otherwise the water in AB would not be 
supported. 

53. Perhaps the action of the siphon may be ad- 
vantageously illustrated by the 
consideration of the following 
case. 

ABB^A is a bent uniform 
tube with both branches paral- 
lel and vertical; it is occupied 
by a fluid, (say water or air) and 
the whole is surrounded by an- 
other fluid, (say air or water) ; 
the two fluids are kept separate, 
if necessary, in the tubes by very 
thin laminae C and C\ whose 

areas will be that of the section 

of the tube = a suppose. 

Let n represent the pressure at the level Bff in 
the external fluid, cr its specific gravity, g that of the 
fluid in the tube : 11' the pressure of the tube Bff ver- 
tically downwards upon the included fluid : then the 
pressure at the depth C in the external fluid is 11 + gBC, 
while at the same depth in the internal fluid is Y[' +(j'BC, 
hence the resultant pressure upwards upon the surface 
C, which is the difference between these two over each 
unit of area of a 

= {n - n' + SC ((7 - a')} a = P for shortness. 
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Similarly the pressure upwards upon the siuface C 
= {n - n' + B'C (o- - (t')} a = F. 

Supposing n to be so large that each of these ex- 
pressions is positive when a - cr' is negative, we see 
that these pressures will always balance each other when 
BC- B'Cy but that when one leg as B'C is longer 
than the other BC, then P is greater or less than P\ 
according as a- - o*' is negative or positive : thus if the 
interior fluid be water and the exterior air, as in the 
case of the siphon, o- is less than o-', and therefore P is 
greater than P', and the water will be pushed round 
from the shorter to the longer leg : if however the in- 
terior fluid be air and the outer water, a being then 
greater than a-', P' is greater than P, and therefore the air 
will be pushed round from the longer to the shorter leg. 

If n were too small to make P and P^ positive 
when 0- — (7' is negative, the resultant pressures upon 
C and C would be downwards, and the fluid in the 
tubes would flow out until its height in each was just 
enough to make P and P zero : this supposed case is 
analogous to that of the siphon when B is more than 32 
feet from the surface Z>. 



Tlie Diving Bell. 

54. Suppose a cy- 
linder as ABCD, open 
at CD and closed at 
the top AB^ and whose 
weight is greater than 
that of the water it could 
contain, to be lowered by 
a rope EF out of air 
into water ; when the 
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mouth CD is at the surface of the water the vessel would 
be full of air at atmospheric pressure, as it descends this 
air becomes compressed into a smaller space and the 
water rises into the vessel ; but if seats be affixed within 
it at a sufficient height, persons seated upon them might 
by this means safely descend to a considerable depth ; 
such a contrivance is called a Diving Bell ; the object 
of its being open at the bottom is to afford means of 
access to external subjects of investigation. 

The height to which the water rises in the bell, 
when its lower extremity D has descended to a depth 
d below the surface of the water may be found without 
difficulty. 

Let GH be the level required of the water in the 
bell, and call DH^ z : the atmospheric pressure at the 
surface of the water may be represented by n, the 
specific gravity of the water by cr, and the altitude BD 
of the bell by a : then the pressure of water at depth H^ 
which is d-^r, must be 11 + <r (d - z). 

Since this is counteracted by the pressure of the 
compressed air which is to that of the atmosphere 
:: vol. AT) : vol. AH we must have 

n + <r (d «- ^) vol. AB a 



n yo\. AH a-»' 

a quadratic equation from which % may be determined. 

The tension of the string FE is equal to the weight 
of the bell and the inclosed air, minus that of the water 
displaced ; or if T be this tension, W the weight of the 
bell, w that of the inclosed air, and A be the area of 
the horizontal section of the cylinder, 

r« W^w-'gA.BH. 
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In practice a flexible tube is passed down to the 
bell under its lower edge, and air is forced ^through it 
from a condenser, so that the surface of the water GH 
is kept at any desired level and not allowed to rise to 
an inconvenient height. Other tubes provided with 
valves are also employed, by the aid of which the air 
may be changed when it is imfit for respiration. 



The Atmospheric Engine^, 

55. The annexed diagram represents a section of 
the Atmospheric Engine invented by Newcomen in the 
year 1705, for working the pumps of mines. 




AB is a massive wooden beam, (turning about 
an axis C, strongly supported,) having its extremities 

* For the following description of the Atmospheric and Double- Action Steam 
Engine 1 am indebted to the kindness of a friend. 
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terminated by cireular orcsi which are eonnected by 
chains, the one (A) to the pump-rods, (loaded, if neces- 
sary) the other to the rod of a solid piston E working 
steam-tight in an accurately bwed cylinder F. This 
cylinder is open at the top, but closed at the bottona, in 
which are the orifices of three tubes H, G, JT, each fti|y^ 
nished with a cock, and passing, respectively, into the 
boiler, an elevated cistern of cold water and a waste 
pipe. Suppose steam to be generated in the boiler, 
the three cocks all closed and the piston at the bottom 
of the cylinder, it will be kept in this position by the 
atmospheric pressure on its upper surface. Let the 
cock H be opened, steam from the boiler will enter the 
cylinder l:>elow the piston and counterbalance the atmo- 
spheric pressure on its upper surface. The weight of 
the pump-rods being now unsupported will depress the 
extremity A of the beam and raise the piston to the 
top of the cylinder : the cock 3 is now closed and G 
opened, through which a jet of cold water rushing into 
the cylinder condenses the steam and forms a vacuiun, 
more or less perfect, below the piston which is now 
driven down by the atmospheric pressure on its upper 
surface, raising in its descent the pump-rods connected 
with A together with their load of water ; the cock G 
is now closed, and tie condensed steam and water let 
off by the cock K which is then also closed. The 
machine has now completed one stroke and is in the 
same condition as at first. Hence the operation may 
be repeated at pleasure. 

The cocks H, G, JT, originally turned by hand, were 
by a contrivance of a youth named Potter, afterwards 
worked by the machine itself. 



ELASTIC FLUIDS. 67 

Wc^9 ImprovemeiM. 

56. Such was the engme which came under the 
observation of James Watt, whose comprehensiye genius 
perceivii^ its various defects, suggested amendments 
so comidete as to bring it almost to the perfection of 
the beautiful engines of the present day. The following 
is an outline of his most material improvements. 

The source of the motive power is the heat which 
is applied to the witter in the boiler, and which calls 
into play the elastic force of the steam ; and the real 
expense of working the machine is caused by the con- 
sumption of fiiel required for generating this heat. It 
occurred to Watt that a great useless expenditure of 
heat was entailed by the foregoing method of condens- 
ing the steam at the end of each stroke ; tot while it 
is only wanted to cool the steam itself, the jet' of cold 
water evidently lowered the temperature of the cylinder 
also, and therefore caused it every time tor abstract a 
pcniion of the heat of the newly-uitroduced steam. 
To obviate this he added a sepai'ate vessel (Hhe coJi- 
denser), in which the operation of condensing tiie steam 
might be performed^ so that the cylinder shoidd remain 
constantly of the same temperatiire. A further saving 
was also effected by pumping the contents of the con- 
denser back to the boiler. 

He now closed the cylinder at the top, and ad^ 
mitting steam alternately above and below the piston, 
converted the atmospheric into the double action steam- 
engine. 

He also invented that beautiful contrivance, the 
parallel motion, for keeping the extremity of the piston- 
rod in the same vertical line, while the end of the beam 
with which it is connected describes an arc of a circle. 

5 — % 
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7%6 daubU-^ictian condensing Engine. 

57. The annexed diagram represents a section of a 
double action condensing engine, in its simplest form. 

.4 is a tube by which steam is conveyed from the 
boiler to the steam-box B, which is a closed chamber 
having its side adjacent to the cylinder truly flat. In 
this side are the apertures of three tubes E, F, G, of 
which the two former enter the cylinder at the top and 
bottom respectively; the third passes into the condenser 




Ir ; C is the slide-valve, being a piece of metal having 
one side accurately flat so as to slide in steam-tight 
contact with the flat face of the steam-box. In this 
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face of the slide is cut a groove in length not greater 
than the distance between the apertures E^ F, dimi- 
nished by the width of the aperture^ as in fig. (2). The 
rod of the sUde-valve passes through a steam-tight 
collar in the bottom of the steam-box, and is connected 
by a lever OP and a rod PQ with the beam of the 
^igine, by which it receives a motion the reverse of that 
of the piston-rods. D is the cylinder closed at both 
ends, truly bored and accurately fitted with a solid piston 
whose rod H works in a steam-tight collar in the top 
of the cylinder, and is connected with the beam by the 
parallel motion KaB. RS is the beam turning about 
an axis T and having its extremity S connected by a 
rod and crank with an axle on which is the fly-wheel 
W. L is the condenser, a closed vessel in which a jet 
of cold water is constantly playing. JIf is a force-pump, 
worked by a rod connected to the beam^ which returns 
the condensed steam and water from the condenser by 
the tube N to the boiler. 

Suppose the piston at the top of the 
cylinder, the lower part filled with steam, 
the slide-valve being in the position shewn 
in fig. (2). A passage is now open by 
which steam will pass from the boiler 
through the tube A, the steam-box B, and 
the tube E into the upper part of the cy- 
linder, and another by which the steam 
from the lower part of the cylinder will 
pass by the tube F, the groove of the 
slide, and the tube G to the condenser, 
and being there condensed a vacuum will 
be formed below the piston, which will 
now be driven down by the unsupported pressure of the 
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steam on its upper surface. When the piston has r^ehed 
the bottom of the cylinder the sUde-valve will have been 
shifted to the position shewn hj ike dotted part of fig. 
(2). The passage will now be open from the boiler to 
the lower part of the <^ylinder, and from the upper part 
to the condenser ; a vacuum will thus be formed above 
the piston, wfaidb will then be driven up by the pressure 
of the steam below it, and when the piston has reached 
the top of the cylinder the sUde-valve will have reas- 
sumed its original position, the engine has now made 
one stroke, and its parts ane in the same positions as 
at first ; the operation will th^efore continue. 



Remark^. 

It will be observed that the force exerted by the 
engine tending to produce a rotatory motion in the axle 
V, is greatest when the arm of the crank is in a posi- 
tion at right angles to the direction of its connecting 
rod F, and that it diminishes to nothing as the arm 
revdlves to a position in which it coincides in direction 
with it. The object of the fly-wheel is by its momentum 
to oonv^ this variable into a constant force, and also 
to prevent the mischief which might arise from shocks 
jor sud^n variations, in the resistance to be overcome. 

Jn practice the steam is frequently shut off from 
the cyUnder when the piston has performed half or 
even less of its stroke; by this means fuel is saved, 
and the jnotion is rendered more even and smooth. 
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EXAMPLES TO SECTION IIL 

(1) A piston fits closely in a cylinder, a length a of 
the cylinder below the piston contains air at atmospheric 
pressure : compare the forces sufficient to hold the piston 
drawn out through a distance 6 with that sufficient to 
maintain it pushed in through the same distance. 

Lj^ n represent the atmospheric pressure, and A 

the area of the piston, then at first the pressure upon 

the piston, both of the external and the internal air is 

n^; by the com{»ression through the space b the 

volume of the internal air is diminished ia the ratio of 

a to a - 6 ; and therefore by Boyle^s law its pressure 

is increased in the same ratio: hence the d^erence 

between the internal and external pressures over the 

a 
area of the piston is in this case 11-4 r - 11-^, or 

11-4 r : the force, required to maintain the piston so 

far pushed in, is of course equal to this. 

Similarly, by puUing the piston out through a dis- 
tance b, the volume of the internal air is increased, and 
therefore its pressure diminished in the ratio of a + 6 : a; 
hence the difference between the external and internal 
pressures over the area of the cylinder, which is the 
same as the force required to hold it in this position 

a , b 

is now 11-4-11-4 7, or 11-4 r. 

a + b a ^ b 

The ratio asked for between these two forces is 
„,amfe8tly t±l. 

(2) If a cylinder be full of air at atmospheric 
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pressure, and a close-fitting piston be. forced in through 
^ of the length of the cylinder by a weight of lOlbs., 
^ew that it will require an additional weight of 30 lbs. 
to force it through |. of the length. 

If n be the pressure, estimated in pounds, of the air 
in the cylinder at first, i. e. be the pressure of the atmo- 
sphere, the pressure after the given compression into 
1^ of the volume is, by Boyle's la^, f 11 ; therefore 
if A be the area of the piston, the pressure upon it 
upwards is f IIJ, and by question this must balance 
the pressure of the external atmosphere together with 
10 lbs. acting downwards, hence 

or HA « 20 lbs. ; 
and therefore f 11-4 = SOlbs. 

This pressure will be doubled, by the same law, 
when the compression is extended to another ^ of the 
cylinder ; therefore the compressing force must be 6olbs.; 
hence 30lbs. must be added to that which is already 
acting. Q.B.n. 

(3) A bubble of gas ascends through a fluid, whose 
free surface is open to the atmosphere, and whose spe- 
cific gravity is a ; supposing the bubble to be always a 
small sphere, compare its diameters, when at depths 
d and d', having given that the height of the barometer 
is A and the specific gravity of mercury <r. 

Since the bubble is always small^ the pressure of 
the fluid upon its surface may be considered to be 
everywhere the same, and to be that which is due to 
the depth of the center of the bubble ; also since this 
pressure is the only force limiting the volume of the 
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bubble, it must be exactly equal to the elastic force of 
the air forming the bubble. 

Now the pressure of the fluid at the depth disah-¥8dn 
, ••••• • d^.m^ah+sd^i 

and the elastic force of the air in the bubble varies 
inversely as its volume, that is, inversely as the cube of 
the diameter; hence if a, a be the diameters corre- 
sponding to the depths d, cf we must have 

a^ (xh + ad i 

lF^7hT7d'\ 

which gives the required ratio between the diameters. 

(4) An imperfect barometer is compared at two 
different times with a true one, and it is found that the 
readings hi h^ are less than the true readings by the 
quantities C], €2 respectively. Shew that the true read" 
ing may at any other time be obtained by adding to 
the observed reading h the correction 

€1 €2 (h.i - hi) 
«i(A-Ai) + ea(A8-A)* 

The error in the height of the mercury must be 
due to the presence of a certain quantity of air in the 
upper part of the tube, whose elastic pressure supplies 
the place of the weight of the deficient length of mer- 
cury ; this pressure will not be constant, but will con- 
tinually alter, for^ the quantity of air remaining the 
same, its volume diminishes as the barometer rises, and 
increases as it falls. 

Let a^i, x^ a be the length of tube occupied by it 
when the barometer is at height h^ ft, and h respectively, 



, » <r€2> , 
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pi, p^y p its correc^nding densities, and k the propor- 
tion between the pressure and the density of air« (Art. 
38), then, by question, the pressure of this air, when 
included in the length Wi must be equivalent to the 
weight of a length ci of mercury ; hence if <r be the 
specific gravity of mercury, 

similarly kp^^ <r€i^ {A). 

kpsK(re 

And since the volume of the air remains the same, the 
transverse section of the tube being constant ; 

p\ ^i « p2^2 = pa? (B). 

Also since the length occupied by air, togeth^ with 
that occupied by mercury, must always make up the 
whole length of tube above the zero pomt, 

Ai-f (V| « As + ^8"" h^w (0« 

These seven equations will enable us to determine 
the seven unknown quantities pi, p^, p, ^i, o^s, <r, e ; but 
as € is the only one of these which we want, it will be 
convenient to eliminate all the others. 

Multiplying the equations (J) by (Pi, (v^, cs "respec- 
tively; and then comparing them with those of (i?), we 
find 

ei ofj = e^ 0^9 a ««p *> X, suppose ; 

therefore substituting these values of ^i, w^, ^ in (C), 
we get 

hi + — \ BA3+— XBA4--X»iUi suppose, 
or more conveniently, 
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A,+ — X-|i«»0 .p ^...^ (1). 

A, + -X - fi • (2). 

^« 

A + -X -M - (3). 

e 

Multiplying (1) by (A, - A), (2) by (A - A,), (5) by (A.-A,), 
and adding the restdting equations, we obtain 

- (*.-*) + -(* -*i) + i(Ai ^ A.) •O, 
and therefore 6- ^i^^(*«-*i) 



(5) If a barometer be standing at the height of 30 
inches and be placed under the receiver of an air-pump 
in which the capacity of the barrel and receiver is the 
same, what will be tiie height of the mercury after three 
strokes of the pump ? 

The height of the barometer is directly proportional 
to the pressure of the air upon it and therefore to the 
density of that air ; now since the capacity of the receiver 
is the same as that of the barrel, the density of the air 
in it is diminished one half at each stroke of the pist^m 
(Art. 42) therefore at the end of the third stroke it will 
be ^th of what it was at first, i. e. of atmospheric den^ 
sity, and, consequently, the corresponding height of the 
barometer will be ^th of 30 inches, or s^ inches. 

(6) The receiver of an air-pump has 20 times the 
vdnme whidi the barrel has, and a piece of bladder is 
placed over a hole in the top of it : the bladder is able 
to bear a pressure of 3lbs. the square inch, and the pros- 
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sure of the atmogphere is I5lbs., shew that the bladder 
will burst between the 4th and 5th strokes. Given that 
log 8 - . 30103, log 21 m 1.3222193. 

The resultant pressure upon the bladder is the differ- 
ence between the pressure of the air outside and that of 
the air inside the receiver ; hence by question, the bladder 
will burst when this difference becomes as great as 3lbs. 
the square inch ; i. e. since the pressure of air varies as 
its density, when the density of the inside air is to that 
of the atmosphere as 12 : 15, or as 4 : 5. 

Now after the nth stroke the density of the inside 

ail* equals ( — j of that of the atmosphere (Art. 42), there* 

fore the bladder will burst during the stroke, whose 

number being put for n is the first whole number which 

/20\" 4 

makes ( — | less than - , or which makes 

n 1 1 + log 2 - log 21 ] less than 2 log 2-1, 

this number may by the aid of the given logarithms be 
shewn to be 5. 

(7) A cylinder whose length is 3 feet is fitted with 
an air-tight piston : when the piston is forced down to 
within 9 inches of the bottom what will be the pressure 
of the air within, supposing the pressure at first to have 
been 15 lbs. on the square inch? 

(8) A cylinder whose base equals a square foot and 
whose height is 7 inches is filled with common air whose 
pressure may be assumed to be I4]bs. per square inch 
and covered with a moveable lid without weight ; shew 
that if a weight of 336 lbs. be placed on the lid it will 
sink 1 inch. 
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(9) A bubble of air one foot below the surface of a 
pond had a diameter of one inch : what was its diameter 
when it was 8 feet below, neglecting the pressure of the 
atmosphere ? 

(10) If a cylindrical tube 40 inches long be half 
filled with mercury and be then inverted with its extrem- 
ity closed ; determine how high the mercury will stand, 
the height of the barometer being 30 inches. 

(11) When the mercury in a barometer stands at 
30 inches, shew that the pressure of the atmosphere on a 
square inch is about l4^1bs., the specific gravity of mer* 
cury being 13.6, and the weight of a cubic foot of water 
1000 ozs, 

(12) A barometer has the area of the cistern four 
times that of the tube, and when the mercury stands 
at 30 inches, 2 inches of the tube remain unfilled : if a 
mass of air which at the density of the atmosphere 
would fill one inch of the tube, were admitted into the 
upper portion, shew that the column would be depressed 
4 inches. 

(IS) If the volume of the receiver of an air-pump 
be six times that of the piston-cylinder, and if a baro- 
meter introduced into the receiver stand at 26 inches 
after one ascent of the piston, at what height will it 
stand after two more ascents of the piston ? 

(14) If the volume of the receiver of an air-pump 
be ten times that of the barrel, shew that before the 
eighth motion of the piston is completed, the density 
of the air in the receiver will be reduced one-half, 
having given log 2 = .30103, log 11 =■ 1.0413927* 

(15) If the capacity of the receiver of a condenser 
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be 10 times that of the barrel, after how many descents 
of the piston will the force of the condensed air be 
douMed? 

(16) If a pump be employed to raise a fluid whose 
specific gravity is .915, find the greatest distance which 
is admissible between the lower valve and the surface 
of the fluid. 

(17) In what position must a siphon ABd (having 
angle ABC a right angle, and AB a BC), be placed in 
a vessel full of water, so as to empty from it the great- 
est quantity possible? 

(18) Find the limit to the height of the highest 
point of a siphon above the surface of water, at a place 
where the mercurial barometer stands at 25 inches, the 
specific gravity of mercury being 13.58. 

(19) Two equal cylinders containing equal quantities 
of different fluids, which will not mix, are connected 
by an exhausted siphon of small bore, which reaches to 
the bottom of each cylinder ; find how much fluid will 
run from one vessel into the other. 

(20) Two diving-bells are suspended at the ends 
of a rope which passes over a smooth wheel ; find how 
much the one must be heavier than the other, that 
they may rest in a given position. 

What would happen if the rope were hollow, so as 
to form a tube of communication between them ? 

(21) If a valve be made in the top of a diving- 
bell opening upwards, what will be the result ? 

(22) In the hydraulic press used at the Britannia 
bridge, the internal diameter of the great cylinder was 
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20 inches^ and that of the small tube l^inch; find the 
lifting power of the press, supposing a pressure of 8 
tons to be exerted by the piston in the small tube. 



SECTION IV. 

GENERAL PBOl>0SI'ttONS. 

58. The Statical principle of Virtual Velocities asserts 
that if any forces as tti i?2-..-B„ acting upon a system of 
points keep each other in equilibrium, and if rj,r2,...r« 
be the virtual velocities of these forces respectively, con- 
sequent upon any very small displacement of the system, 
which does not alter the molecular connexion of its 
different points, then 

The same principle can be proved to hold, when J?, 
JSg &c. instead of being applied to points of a rigid system, 
act normally upon the surfaces of a weightless inelastic 
fluid, the condition of displacement being in this case 
that the volume of the fluid remain constant and con- 
tinuous. 

Let ax as, a» be the portions of surfaces, taken 

small enough to be considered plane, upon which JSt &c. 
...Rtt respectively act, then since these forces are in 
equilibrium, the pressure per unit of surface must be the 
same throughout (Art, 7)> and if it be represented by p, 
we shall have 

-i = -i*&C =s— ssp.. (1) 

Suppose the displacement of a^ &c. to be made by 
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moving them respectively through distances r„ r^^.^.r^ 
along tubes perpendicular to them and dosely fitting 
them ; these distances will be proportional to the virtualf 
velocity of the corresponding force ; also the alteration 
in volume of the including vessel which the movement 
of each area a has thus produced is ar, and is an increase 
or decrease according as r is positive or negative, and 
therefore the total alteration will be the sum of these 
quantities, each r being supposed affected with its proper 
sign ; but since by the supposition the disturbance was 
not such as to break the continuity of the fluid or to 
alter its volume, whatever space was gained in the dis- 
placement of any of the pistons, an equal space must 
have been lost in the displacement of some of the others, 
so that by this means the total alteration is nothing ; 
therefore we must have, 

aiVi + osT^ +*. + a^r^ = (2) 

and hence by substitution from equations (l) 

Ar, + 5,r,+ + i?^r„-0 (S) 

If the fluid be heavy the principle will still be true, 
and can be proved upon the assumption that normal 
resistance is the only mutual action between the parti- 
cles. And even in this case, if BiBji...R^ represent 
respectively the excess of the forces acting upon the 
several pistons aiOs^-.o. beyond the forces which would 
be required to balance the effect of gravity alone, since 
then equations (\) (see Art. 7) and (2) will still hold, 
the truth of (3) will be established as before. 

59. Ka heavy fluid be contained in a vessel and 
the pressures on its sides be resolved in three directions 
at right angles to each other, to find the sum of the 
resolved parts in each direction. 
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Let HX-K' represent any such vessel, HKheixig the 
H' S 






■k' 



level of the fluid contained in it ; let AA be a line in the 
fluid drawn parallel to the direction of one of the required 
resolved forces, to meet the sides in A and A. 

Let a very small cylinder be constructed, having AJl 
for its axis, w for its transverse section, a and d the 
sections of its extremities made by the sides of the vessel, 
and therefore portions of those sides, these will be approxi- 
mately plane. Let P, P be the normal pressures of the 
fluid upon these, not generally in one plane, and let d, & 
be the angles which they respectively make with AA* ; 
then resolving P and P' along AA' and perpendicular to 
it, if jR be the resultant of the resolved parts of P and 
P' along AA^ 

R^ Pco80 -- P^cosfft 
but if n be the pressure of the atmosphere, or any othef 
pressure which is uniform throughout the surface HK, 
and a be the specific gravity of the fluid, 

P- (n+ cr JP)a, P = (n +cr^'P')a ; 

/. 2J = n (a cos - a COS ff) + <T {AS a cos 6 - AB^ a cos ff). 
Also a cos ss 01 s a cos ff^ therefore this expression 
is reduced to 

M^awiAB^AB). 

6 
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If be the angle which J^^ makes with the vertical^ 

.% B^ era) AA! COS 0. 

But (Tctf AA is the weight of the column of fluid AA^ let 
it be represented by w, then 

B ^W CO80 (I) 

This result is true for all the columns parallel to A A 
which have both their extremities meeting the sides of 
the vessel ; let ad in the figure be a column, one extrem- 
ity only of which, i. e. a, meets the side, the other a is 
made by the surface of the fluid, and let the same letters, 
as above, be used with the same meanings in this case, 
then P' « 0, arid ff ^fp; 

/• B « Pcos « (n + aab) a cos 9 
« Ila cos 0' + aabw 
mjla cos <!> + ar(oad COS 
-(Ila +w)cos0 (II) 

Now the magnitude of the resultant required of the 
resolved forces is the sum of all the jB's for which (I) 
holds, together with the sum of all the B'a for which (II) 
holds, i. e. it is the sum of all the quantities (w cos 0), 
together with the sum of the quantities Ila' cos fp as 
long as a is the section of the cylinders made by HK; 
but the sum of all these sections is the whole area of the 
surface itself, let it be represented by jf, and the sum 
of all the w'b is the weight of the fluid contained in 
the vessel, let this be fF : we thus come to the conclusion, 
that the magnitude of the resultant of the resolved parts 
in directions parallel to AA' of the fluid pressures upon 
the sides of the vessel containing the fluid is 

(n^ + W) cos (Ill) 
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where is the Inclination of A A to the vertical ; the 
other resolved parts of the pressures are in a plane per- 
pendicular to AA. 

60. Also this force being the resultant of a set of 
parallel forces, each of which acts along the axis of a 
column of the fluid as AAl^ and is proportional to the 
magnitude of that column, (for even the R in (II) may 
be considered as proportional to the magnitude of a a 
increased by a constant quantity), its direction must 
pass through the center of gravity of the mass, which 
is made up of these columns, i. e. in the case imder 
consideration, the resultant of the resolved pressures 
parallel to A A' must pass through the center of gravity 
of a mass of fluid represented by HLKKH\ the portion 
H'HKK' being made up of the portions which must be 
added to the columns ad in order to make up the 
pressure n in the formula (II). 

If n be zero, it appears that the resultant of each 
resolved part will always i)ass through the center of 
gravity of the fluid ELK. 

61. If instead of the preceding case we had con- 
sidered a body ELK immersed in a fluid whose free 
surface was HK produced, we should have obtained 
the same result as (III) for the magnitude of the re- 
solved pressure in the direction parallel to AA', but its 
direction would have been reversed. 

62. It is easy to deduce from (HI) that, if the 
pressures be resolved in directions vertical and hori- 
zontal, the horizontal portions vanish while the vertical 
one equals IIA+ JV: this, then, is the magnitude of the 
total resultant of all the pressures^ which accords with 
Art (18). 

6—2 
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63. If the fluid contained in HLK were without 
weight, the pressure at every point of its surface would 
be n, which might be supposed to be the result of any 
such cause as that mentioned above, or to be produced 
by the elasticity of the fluid itself: in the latter case, 
oif course, HK could not be open. 

Under these circumstances, if the fluid pressure 
upon the surface HLK be resolved in any direction 
AAy whose inclination to the plane HK which cuts off 

this surface, is 0, its resultant is by the precciding 

investigations 

« IUcos09 

where A is, as before, the area of the plane HK, 

Or, this result may be stated more generally as 
follows, so as to include the cases where the boundary 
of the surface HLK is not a plane section. If the 
surface HLK be projected upon a plane perpendicular 
to AA^ then the resolved part in the direction AA' of 
a normal pressure over the surface HLKy which is uni- 
form and equal to 11 at every point, is the same as 
Would be produced if the projected area were pressed 
Uniformly with a pressure IT. 

64. Def. When any surface is submitted to fluid 
pressures, the point in it, where the resultant of these 
pressures would meet it, is called the Center of Pressure ; 
if the pressures are such that they have no single restdt- 
ant, there is no center of pressure. 

65. Let CD be a tube, capable of revolving freely 
about a vertical axis, and having at its lower extremity 
C one or tnore arms CAi CB^ &c. horizontal imd closed 
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at their ends A^ B, &c. : suppose this to be filled with 
water and then orifices to be opened in CA, CB, one 
in each, and always on the same side looking from the 
center C ; as the water flows out at these orifices the 
whole instrument will revolve in the opposite direction 
about the axis CD. Such an instrument is usually 
termed Barker's MilL 



# 



^ 
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The explanation of the cause of the revolution is 
very simple ; the fluid may be divided into a number 
of horizontal cylinders, each perpendicular to the axis of 
AB, and the resolved part along these of the pressure at 
their extremities will be zero by (I) of Art (59)5 ex- 
cepting for those cylinders, one of whose extremities 
terminates in an orifice ; the pressure at the other ex- 
tremity of such cylinders is not counteracted, and will 
therefore tend to turn the arm round the axis. By the 
above-mentioned arrangement of the orifices in the 
different arms, the uncounteracted pressures in each will 
all tend to turn them in the same direction, and thus a 
rapid revolution of the instrument will be produced By 
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keeping CD full, this rotation may be maintained for any 
length of time, and be applied to mechanical purposes. 

66. The surface of a heavy fluid contained in a 
vessel, which revolves with a uniform angular velocity 
about a fixed vertical axis, is a paraboloid. 

Each particle in the fluid evidently describes with 
a uniform velocity a horizontal circle, having the ver- 
tical axis in its center, hence by the principles of mecha- 
nics, the resultant accelerating force upon the particle 

must tend to the center, and must « — , where t; is its 

r 

linear velocity and r the radius of the circle it describes ; 
but this resultant is the efiect of gravity and the fluid- 
pressures only. 

Now let us consider a particle M in the surface of 
the fluid, having a mass m, and 
let the next figure represent a 
vertical section of the fluid made 
through the axis BF of the ves- 
sel ADFC and the particle Jf, 
AMBC being the curve in which 
it cuts the fluid. Since M is on 
the surface of a fluid, which from 
the mobility of the particles must 
be perfectly smooth, the pressure 
of this surface upon it may be 
assumed to be normal; let this 
direction meet the axis in P and 
draw MN horizontal ; then by what precedes the flnid- 
pressure in the direction MP, and the weight of M in the 
direction of the vertical must have a resultant along MNx 
the three sides then of the triangle MPN being in the 
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directions of, must be proportional to> these three forces : 
we therefore obtain 

PN mg 

r 

Now o) being the angular velocity of the whole vessel 
about the axis NBF, v the linear velocity of M must be 
wMN; also r is the distance MN; hence the preceding 
relation becomes 

PN g 

nor 

that is, the subnormal PN is a constant quantity, where- 
ever in the curve M be taken, a result which is charac- 
teristic of the parabola where the subnormal is always 
equal to ^ the latus rectum ; the section ABC of the 
surface of the revolving fluid is therefore a parabola 

2 
whose latus rectum «— .g', and, since this section is any 
or 

whatever through the axis, the whole surface must be a 

paraboloid having the axis of revolution for its axis* 

It^ apparent from the investigation that the form 

of the surface of the revolving fluid is quite independent 

of the shape of the including vessel. 

67. If a body be immersed in a fluid, which is at 
rest under the action of any forces whatsoever, the 
resultant of the pressures upon its surface is exactly 
equal and opposite to the resultant of the forces which 
would act upon the fluid which it displaces. 

For if the body were taken away and the displaced 
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fluid put back again and supposed to assume a, solid form, 
equilibrium would obtain, for the mere solidification can 
produce no disturbance ; but to maintain this equilibrium 
the resultant of the pressures on the surface of the 
solidified fluid must be exactly equal and opposite to 
the residtant of the forces applied to it ;. now these pres- 
sures are identical with those upon the immersed solid, 
because the surfaces are the same in both cases ; hence 
the truth of the proposition. 

68. To find the tension at any point of a cylindrical 
surface inclosing fluid in terms of the normal pressure of 
the fluid. 

The annexed figure represents ' 
a section of the cylinder having a 
breadth AB made by two planes 
perpendicular to the axis which 
passes through O. IfABhe small 
enough, the tension at every point 
of it tending to break the band may be considered the 
same throughout ; call it T, estimating it by the force of 
tension which would be exerted over a unit of length, 
each of whose points are solicited by a tension equal to 
that at the proposed point* : it is manifestly always per- 
pendicular to AB and in the tangent plane passing through 
the point at which it acts. 

Draw ab, dU parallel to AB one on each side of it,' 
and very close to it, and dctf b, circular section through c 
the middle point of AB and parallel to a a or hi! \ then 
the tensions at every point of aft and a'6' are very approxi- 
mately equal to T, and act in their respective tangent 
planes. Draw the radii Od, Oc, Od; the small area aft' is 

* The explanation given in the note to Art. 4 is applicable here. 
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kept at rest by the normal pressures of the fluid upon it 
which are approximately the same at every point as that 
at Ay and the tensions T at every point of oft and a b' 
acting tangentially. Hence, resolving along c and in 
a plane perpendicular to it, we have 

resolved tensions along cO 

= Tab sin cOd + Tab' sin cOd', very nearly 

« Tab -^ + Tab' -^ , nearly 
cO cO 

^AB.ad 

- T — nearly. 

cO 

Also the resolved pressures in the same direction will, if 
p represent the pressm-e at J, be 

Mzp.aa\ AS very nearly : 

the smaller we take ab' the more nearly will these equa* 
tions be true, and will be absolutely so in the limit ; but 
in all cases these two resolved forces must be equal to 
one another ; 

/• p. avl .AB^T -— , 

cO 

or T = p.cO'^ pr, 
if we represent the radius of the cylinder by r. 

69. By a similar investigation we can 
find the tension at any point A of a spheri- 
cal surface containing fluid, the fluid pres- 
sure at that point being p. 

Take ab b'a a very small rectangular 
portion of the surface having A as its 
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middle point, and let O be the center of the sphere, the 
tension at A may be resolved into two, at right angles to 
each other, both in the tangent plane at A ; let that 
parallel to a 6 be represented by T, and that parallel to 
a a' by T': these may be assumed to be equal on account of 
the symmetry of the surface about A : then the very small 
surface 06' may be considered to be kept in equilibrium by 
the normal pressures at every point which are approxi- 
mately equal to p^ the tangential tensions at every point 
of a a and hb' approximately equal to T, and those at 
every point of 06 and ab' approximately equal to T. 

Now the resolved parts along AO oi the tensions T 
at the points in a a' and bb' 

e T — ~ — approximately, by the last proposition, 

and similarly resolved parts along AO of the tensions of 
ab and ab' 

T ab' • aa 
« jT^ approximately ; 

/. the sum of these « 2 7* — Tn~~ approximately. 

Again, the resolved part of the normal pressure in the 
same direction 

tspaa' ,a'b' very nearly. 

But these two resolved parts must always counteract 
each other ; therefore, since the above expressions for 
them are true in the limit, 

2T 
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or if, as before, r denote the radius AO, 

It must be remarked, that if the surface be pressed 
outside as well as within, by a fluid, the p which enters 
the above equations is the difierence between these 
two normal pressures at the point A. 

It appears from these formulaB, that when p is con- 
stant, T and r are proportional to each other, or that 
the tension which a given normal pressure calls into 
action at any point of a cylindrical or spherical surface 
containing it is proportional to the radius. 

70. In the description of the Barometer given in 
Article (S6), no explanation was ofiered of any method 
of measuring the length of the column of mercury ; a 
fixed scale of graduations would manifestly not answer 
the purpose directly, as both extremities of the column 
necessarily shift at once : a descent of the merciuy in 
the tube must cause the surface of the mercury in the 
basin to rise, and the sum of these two decrements of 
length makes up the total decrement ; and similarly in 
the case of an elongation of the column. Now a fixed 
scale could only mark the absolute alteration at one 
end, say the upper C, of the column, but by a simple 
arrangement this may be made to indicate the total 
alteration. For, suppose C to sink d inches, as mea- 
sured by a fixed scale ; then, if a be the cross section 
of the tube, a volume da of mercury must thus descend 
into the basin, and the corresponding rise of the sur- 
face of the mercury in the basin must be due to this 
increase of volume; or supposing this rise to be df 
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inches, and the cross section of the basin to be A^ we 
must have 

da «= d'jf ; 
hence the total diminution of the column, being, as 
before said, d •\- dl 

But it is clear that if the fixed scale be divided 
into equal parts, each of which is to an inch as l : (l + -|)» 

the length d inches will contain ^ (l +-7) ^^ these, 

and hence the number of mch graduations observed 
upon the length d inches, through which C has sunk, 
will be the real number of inches by which the column 
has been shortened. 

It onlj needs that the real length of the column 
should be practically ascertained by measuring, when C 
is opposite any known graduation of this scale, and 
be there registered, in order that aU future lengths be 
ascertained by inspection. 

71. If the section of the tube be very small com- 
pared with that of the basin or lower vessel, — will be 

a small fraction, and d + cT will differ inappreciably from 
d : this is the case with most barometers in common use, 
so that the graduations on their scales are made without 
respect to the considerations of the previous article. 

72. In some barometers the bottom of the basin 
containing the mercury (FG in fig. of Art 36) is adjust- 
able by means of a screw, and thus at the time when an 
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observation is required to be taken, the whole mass of 
mercury cd.n be raised or lowered until the surface DE 
is brought to a fixed level with regard to the instrument; 
an ivory pin, projecting from the side DF and pointing 
downwards, is generally used to mark this level, and the 
mercury can be easily brought into it by turning the 
screw until the image of the ivory point in the surface 
is made to coincide with the point itself: the fixed scale 
then measures upwards from this point. 

73. The Wheel or Siphon Barometer differs slightly 
from those previously described : instead of the end J 
(fig. Art. 36) being plunged into a vessel of mercury it 
is bent round ; the second branch so formed, is sinodlar 
to BJ in the fig. of Art. (37), and has its extremity open 
to the atmosphere ; by this arrangement the column of 
mercury in the second branch, together with the pressure 
of air on its surface, balances the column of mercury in 
the first ; and therefore the difference between the length 
of these columns is the same as the h of Art. {36). If 
the tube be uniform throughout, the variation of either 
column is exactly half the total variation of A ; it is there- 
fore only necessary to observe the variation of the open 
one; This is done by attaching one end of a light string 
to a small body which is allowed to float on the surface 
of the mercury, and the other, after the string has been 
passed over a small pulley, to a weight less than that 
which would be sufficient to balance the float : then as the 
float rises and falls with the mercury, the pulley is turned 
round by the friction of the string, and an index needle 
fixed to it is made to traverse a sort of clock-face : if the 
oircle of the face be large and carefully graduated, any 
very small motion of the float will be indicated and mea- 
sured by the extremity of the needle. 
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EXAMPLES TO SECTION IV. 

(1) A cylinder the radius of whose base is 1 foot 
and whose weight is 100 lbs. is filled with water, a cubic 
foot of which weighs lOOOozs: if the cylinder be inverted 
on a smooth horizontal table, find the greatest number 
of revolutions per second which the water may make 
about the axis of the cylinder consistent with no escape 
of water. 

Let ABCD represent the cylinder 
inverted upon the smooth plane, and 
occupied by fluid which is revolving 
about the dotted axis of the cylinder, 
say n times per second ; its angular 
velocity is therefore nS^r, but we may 
for convenience call it w. 

IS the water were not revolving 
at all there would be no pressure 
upon BC\ and again, if BC were 
taken away, during the revolution the water would rise 
at the sides until the surface took a parabolic form ; BC 
must therefore supply some force suflScient to keep the 
water down, and it must be itself pressed upwards by 
the same : when this upward pressure becomes by reasoa 
of the magnitude of the angular velocity greater thau 
the weight of the cylinder, loolbs., ABCD wUl be lifted 
up and the water will escape below its edges. We want 
then to find this pressure corresponding to the angular 
velocity ai. 

Suppose the sides of the cylinder to be produced 
upwards as represented by the dotted lines J? A?, Ce in 
the figure, and suppose BC to be a rigid plate capable 
of being made to slide in and out : now let BC be drawn 




rf mmfit^inm 



EXAMPLES. 95 

out while the water is revolving, and a sufficient quantity 
of water be added to make the curve free-surface fhg 
take the position given in the figure where the vertex h 
of the parabola is exactly where the middle point of BC 
was : if when this is the case BC be again pushed in, its 
presence can produce no disturbance in the revolving 
water either above it or below it ; but by this means the 
lower part is quite shut off from the upper, which may 
therefore be removed and neglected ; and then the lower 
is only under the circumstances which were proposed by 
the problem. We thus see that the state of the revolving 
fluid ABCD (and therefore its pressure at every point, 
because it is so at one point h) is the same whether we 
suppose the portion of fluid fBh Cg to be superincum- 
bent, or whether we suppose BC to be stretched rigidly 
across : hence the pressure which BC exerts downwards 
and which we wanted to find, is exactly equal to the 
weight of the volume of fluid fBhCg. Call this 
volume F. 

Now the volume of the paraboloid fhg is \ of 
that of the cylinder fBCg, therefore V which is the 
remaining half of the cylinder ^^irBk^.Bf. Also 

since the latus rectum of the parabola fhg 



2^ 



(Art. 66), Bf^—Bh'; 



4 X 32.2 



TTW* Bh 

cubic feet, because Bh is l foot; 



-* 1000 . 



weight of F = —^ — ^^ lbs. 
* 4 X 32.2 16 
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This, as before explained, is the force tending to lift 
the cylinder, and therefore the greatest value that w 
can have, without escape of water taking place, is when 
this just equals the weight of the cylinder, or when 

TTft)^ 1000 



X— — = 100, 



4 X 32.2 16 

4»«7r^ 10 

or X -- = 1, 

4 X 32.2 16 

n«7r3 = l6 X 3.22; 

••. log W = ^ (log 16 + log 3.22 - 3 log tt) 

« ^ (1.20412 + .50786 - 1.49145) 

= 1 X .22053 

« .110265 

= log 1.289; 
.". n = 1.289. 

Hence the water can only make 1.289 of a revolution 
per second, or about 1^, without escaping. 

When would a cover, turning upon a hinge and 
iinsymmetrically loaded, be raised ? 

(2) An Indian-rubber ball containing air has a radius 
a when the temperature of the air is o® (centigrade)* 
Supposing the tension of the Indian-rubber = /n x (radius)*, 
shew that the radius r of the ball when the temperature 
is ^ will be given by the equation 

r^w + Q/ir . 

"1 ;; — = 1 +^*f 

or IT + 2iuLa 

fe being the ratio (Sect. V.), between the increase of 
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Tolume and of temperature for air at a constant pres- 
sure, and TT being the pressure of the atmosphere. 

Let p and p' be the pressures of the included air, 
p and p' its densities when the temperature is f and 0^ 
respectively, then we have (Art. 82), 

5-4(1 + ^0- 
p p 

Also, since the densities are inversely as the volumes, 

but (Art. 69), ^ (p - tt) r « /mr* ; 

.'. p = 7r + 2/xr; 
similarly, p' ^ tt + ^fia ; 
.*. by substitution 

r' w- + 2/uir 



a^7r + 2MO 



1 + e#. 



(3) A spherical vessel contains a quantity of water 
whose volume is to the volume of the vessel as n : j ; 
shew that no water can escape through a small hole at 
the lowest point, if the vessel and the water in it have 
an angular velocity about the vertical diameter not less 
tban 



{r(l-ni)r 



r being the radius of the vessel, and g the accelerating 
force of gravity. 

7 
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Let ADBE be the spherical vessel revolving with 
an angular velocity ta 
about its vertical dia- 
meter AC^x the sur- 
face of the inclosed 
water will be a para- 
boloid (Art. 66)^ whose 




latus rectum is -^ ; let 
w 

the upper part of this 

surface meet the sides 

of the shell in 2> and 

E : by the question no 

water must run out at 

a small hole at A, hence there must be no water lying 

upon the hole, or in other words, the angular velocity 

is least possible when the lower part of the surface of 

the water just passes through A. 

Now because J? is a point in the parabola DAE^ 



whose latus rectum is 



^' 



.\ CE^^%AC. 
w 

Also because i? is a point in the circle ADBE, whose 
diameter is AB^ 

.% CE^mBC.AC; 

•*• SC *» — r • 



Again, the volume of the contained water is evi- 
dently the diflTerence between the volume of the portion 
DAE of the sphere and the volume DAE of the para* 
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boloid; but this difference is equal to the volume of a 
sphere iirhose diameter is JC*; 

vol. of water JC* 

« -r^-n by question; 



vol. of vessel containing it AB^ 
fAB^BC\^ 
[—AB-}-^ 



or 



BC . 



*. substituting from above, 



1 — - «», 



w r 



g 
(l-ni)' 

This is the value of the angular velocity which makes 
the surface of the revolving fluid pass through A ; all 
less velocities would make the surface pass above A, 
and all greater would make the surface, produced, pass 
below A ; hence the truth of the proposition. 

* This is easQy apparent if the slice which would be cut off from the whole 
sphere by any two horizontal planes very dose to each other be considered, say 
that cut off by KLM in the figure, and a plane parallel to it at a small distance <^, 
for the portion which belongs to the paraboloid is trLM^.d, while the whole slice 
is irKM^.di the difference between these is 'r(KM'-^LAP)d 

z^ir (AM. BM- AM. BC)d 

tT'wAM(BM-BC)d 

^'rAM.MC.d, 
bat if AK*C be a section of the sphere described upon ^C as diameter AM, MC 
s Mtr*, therefore the difference between the portion of the sphere BDKAE^ and 
the portion of the paraboloid DAE cut off by these two parallel planes is equal to 
the slice of the sphere CK'A cut off by the same planes, and this is true wherever 
the planes be taken, and hence the above result may be deduced. 

7—2 
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(4) A bent tube of very small uniform bore 
throughout, consists of two straight legs, of which one 
is horizontal and closed at the end, and the other is 
vertical and open. If the horizontal leg be filled with 
mercury, and the tube be made to revolve about a 
vertical axis passing through the closed end, so that 
the mercury rises in the vertical leg to a distance d 
from the bend^ shew that the angular velocity is 



V: 



2g {h + d) 
P-^d' 



I being the length of the horizontal leg, and h the 
height of the mercury in the barometer at the time of 
the experiment. 

Shew also that the mercury will not rise at all in 
the vertical leg unless the angular velocity be greater 



than 

I 

Let ABC represent the tube revolving about a ver- 
tical axis through the closed end 
A ; P the height to which the mer- 
cury rises in the open vertical tube 
BC, and Q the distance to which 
it recedes from the axis in the ho- 
rizontal one, then, since the tube 
is uniform, AQ = PB « d ; also by 
question AB « /. Suppose the pres- 
sure of the atmospheric air upon 
P to be replaced by the weight of 
additional mercury poured into the 
open tube BQ and let the upper 
surface of this mercury be at P', 
then PP" = h. 
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Now it is evident that since the pressure is nothing 
both at P' and Q, these two points must be in the free 
surface of the paraboloid, which would have been formed 
by the revolution about the vertical axis through J of a 
sufficient quantity of mercury contained in an open vessel, 
with an angular velocity exactly equal to that of the 
tube in the given case ; call this velocity Wf and let the 
dotted line P'QJTbe the supposed surface : draw P^A' per- 
pendicular to the axis. Then, since the latus rectum of 

the parabola P'QJTis (Art. 66) equal to — -, wo have 

ft) 

or 
.\ P'A'*-A^^^BP'; 

CD 



or (o 






The least value of a> for which the mercury will 
rise in the tube BC is clearly that just greater than the 
value which makes the parabola of the siu&ce pass 
through P and -4, when P will of course be at B\ but 

under these circumstances P — — - A, or o) • — z — • q.b.d. 

(5) Two hemispheres of equal radius are placed 
in close contact, so that their common surface is hori- 
zontal; the upper one is fixed firmly and communicates 
with an air-pump : find the least number of strokes of 
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the piston in order that a given weight may be sus- 
pended from the lower hemisphere. 

The internal air must be so rarefied that the differ- 
ence between its normal pressure upon the lower hemi- 
sphere and that of the external air upon the same 
shall be great enough for its vertical resolved part 
(Art. 63) to be equal to the given weight, together with 
the weight of the lower hemisphere. 

Ex. Given, the pressure of the atmosphere is 15 lbs. 
per square inch, the volume of the sphere is 20 times 
that of the pump, the area of a great circle of the 
sphere is 2 square feet, and the weight to be suspended, 
together with that of the lower hemisphere is 19|- cwt. 

Also log 2 «= .3010300, log 2.1 = .3222193. 

(6) A cylindrical vessel is placed upon an inclined 
plane, and prevented from sliding ; find to what height 
it may be filled with water without being upset. 

(7) In a vessel containing fluid are placed two 
heavy particles connected together by a weightless 
string; their specific gravities are difierent, but such 
that the specific gravity of the compound body is the 
same as that of the fluid : describe what will ti^e place 
when the vessel is made to revolve about its axis. 

Before the vessel revolves the bodies will rest any- 
where in the fluid, the light one lying vertically above 
the heavy one. A consideration of Arts. 66 and 67 will 
lead to the explanation of the effect produced upon 
their position by the revolution. 
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SECTION V. 

MIXTXJBE OP GASES.— VAPOUR. 

74. Boyle's law obtains for a mixture of gases as well 
as for a simple one ; indeed, air, upon which the first ex- 
perimental proof of it was practised, is made up of two 
gases, oxygen and nitrogen, in the proportion of 1 to 4» 
by weight • the experimental facts upon which the more 
general form of this law is based are the two following : 

(1) Whenever two gases of different densities are 
allowed to come into contact with each other, they very 
quickly intermix and form a compound which is of uni- 
form density throughout and in which any equal volumes, 
wherever taken, always contain the same proportion of 
the two component gases. The rapidity with which the 
homogeneity is attained increases with the difference 
between the densities of the two gases. It may here be 
remarked, that no such intermixture ever results from 
the combination of inelastic fluids unlessthey beof equal 
densities ; and if it be produced among them artificially, 
however complete it may appear^ as in milk and tea, the 
fluids will in time separate themselves, and lie superim- 
posed upon one another in the order of stable equi- 
librium. The case of fluids, whether elastic or not, 
w:hich act qhemically upon one anptber is not here con- 
sidered. 

(2) If a gas compounded of given quantities of two 
different gases be put into a closed vessel, the pressure 
at every point of it, or its elastic force (Art. 34), b the 
sum of the two pressures which would be respectively 
due by Boyle's law to the given quantities of the two 
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gases, if inclosed separately in the same vessel and 
at the same temperatm^e as the compound : thus, let U 
be the capacity of the vessel, EL the pressure of the com- 
pound occupying it, and let the quantities of the two 
gases, forming the compound, be such that the pressure 
of the first when occupying a volume V is P, and of the 
second in a volume V is P', then the pressure of the 

V 

first in the volume U would be P ~ , and of the second 

V V ,V' . 

P' -- , and therefore our result is 11 = P — . + P' — ^ which 

takes the simple form 

UU^PV+P'F' (1) 

Dr. Dalton has very concisely stated this fact by 
saying that '*' One gas acts as a vacuum with respect to 
another." 

From this formula it can be immediately shewn that 
Boyle's law holds for the mixture; for supposing the 
same quantities of the two gases had been put into a 
space U' instead of U, then the pressure EL' would have 
been given by the equation ; 

n'cr-PF + PT. 

Now it is manifest that this latter compound is the same 

as the former, and therefore 11 and 11' are its pressures 

corresponding to the volumes t^and U'; but nU=TV(f 

n If 
or =p = — , the same result as that which Boyle's Law 

gives. 

75. A gas and a liquid, when in contact with each 
other, and of such a cliaracter as not to act chemically 
upon each other, generally intermix in a partial manner : 
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if there be several gases present a portion of each pene- 
trates the liquid and pervades its ivhole extent uniformly; 
the amount of this portion is quite independent of the 
number of gases which may be so penetrating, but is 
always such that if it occupied alone the volume which 
the liquid does, its density would bear a certain propor* 
tion to that of the same gas, which is left outside and 
also supposed to occupy its space alone, this proportion 
depending^ upon the liquid and the gas together. 

This experimental fact may be stated more generally 
as follows : if the volume of a closed vessel be V+ U, and 
the part U be occupied by a given liquid, and if into the 
remaining space V any number n of gases be introduced 
in any quantities whatsoever, a portion of each of them 
will penetrate the liquid, and the ratio which the quantity 
of each gas remaining in F bears to the quantity of the 
same which pervades the liquid in 17 will be independent 
of n : thus if Vp be the one quantity, Up the other for 

a particular gas, it is always found, that p ^-p whether 

there be only one, or whether there be fifty gases sub- 
mitted to the liquid at once ; as mentioned above, jti will 
difier with different gases, but is constant as long as the 
gas and the liquid which are referred to remain the same. 
To take an instance : this proportion is found to be 
1^ for oxygen and water, but only ^ for nitrogen and 
water ; hence assuming common air to consist of 1 part 
of oxygen and 4 of nitrogen, their densities would be in 
the same proportion if they occupied space alone, and 
therefore by our rule, the amount of oxygen absorbed 
by a given portion of water in contact with air would be, 
when compared with the amount of nitrogen absorbed 
by the same portion of water, as is -^ : ^ or as l : 2. 
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76. In all our previous investigationsi the effect of 
heat in modifying the action of fluids has been left out 
of consideration^ or rather has been supposed to be in- 
variable : this supposition holds true whenever the circum^ 
stances of the case presume the temperature to remain 
constant^ but if changes take place in it, there will 
generally be corresponding changes in the hydrostatical 
properties of the fluids. 

It would seem from experiment, that a free mass^ 
whether scilid or fluid, never experiences a change in its 
temperature without undergoing some alteration in its 
dimensions ; and conversely. We may say generally, that 
additional heat imparted to a body causes it to expand, 
while the withdrawal of heat is followed by its contrac- 
tion ; the converse of this is equally general, that th^ 
forcible compression of a body makes it give out some 
of the heat which was necessary for its more expanded 
state, and the extension of it in the same way obliges it 
to absorb heat. Whenever, too, the temperature of any 
body after suffering any succession of changes returns 
to any particular state, it is always observed that the 
dimensions of the body return also to a constant corre* 
spending magnitude. 

77. By accurate observation of effects of this kind, 
it appears also that interchanges of heat always take 
place between portions of matter, whether in contact or 
at a distance from each othey, until a species of equili- 
brium has been attained; when this is the case the 
different portions are said to have the same temperature. 
These facts lead us to the means of estimating and 
defining different stages of temperature and of measuring 
the amount of its increase or diminution. Any instru- 
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ment constructed for this purpose is termed a thermometer; 
of these there are many kinds, but it will he sufficient, 
for the purpose of iUustrating the aboye-mentioned 
principle, to describe the mercurial thermometer. 

The Themumieter. 

78. The construction bf this instrument is based 
upon the fact, that for low temperatures the expansion 
of mereury under the action of beat is such that the 
increase of its volume is always proportional to the 
increase of the heat. 

It is merely a glass tube, developed into a bulb at 
one extremity; this bulb, together with a portion of 
the tube, is occupied by very pure mercury; and a 
vacuum is preserved in the remainder of the tube by 
the extremity being hermetically sealed ; the bore of 
the tube is extremely small, and therefore a slight e^« 
pansion of the whole mass of mercury makes a great 
difference in the length of the tube occupied. By the 
aid of graduations along the tube, the increase or de- 
crease in the volume of the mercury consequent upon an 
alteration of temperature may be readily observed, and 
therefore the difference between temperatures compared. 
If the difference between two known temperatures, or 
any part of it, be taken as the unit of measurement of 
temperature, this instrument affords us the means of 
expressing any other difference of temperature in terms 
of it. The two temperatmrea taken for this purpose 
are those of melting ice, and of boiling water ; in some 
kinds of thermometers, as the centigrade, the y^ part 
of the difference between these temperatures is chosen 
for the unit ; in others, as in Fahrenheit's, the yj^ part 
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is taken. To graduate the thermometer accordingly; 
the instrument must first be plunged in melting ice, 
and the level of the mercury in the tube marked ; it 
must then be submitted to boiling water and the level 
of the mercury again marked ; the volume of the tube 
between these two marks must be divided in the cen- 
tigrade into 100, and in Fahrenheit's into 180 equal 
parts ; each of these parts is termed a degree. These 
two kinds of thermometers also differ in respect to 
the division on the tube at which the numbering of the 
degrees commences ; in the centigrade the reckoning 
starts from the freezing point, and therefore 100® indi- 
cates the temperature of boiling water, while in Fah- 
renheit's the initial point on the tube is 3^ below the 
freezing point, thus making 212° the boiling water point. 
These distinctions must always be carefully regarded 
in the consideration of the temperature as given by 
either thermometer; for instance, 40° centigrade indi- 
cates a temperature which is greater than freezing tern-* 
perature by 40 degrees of that thermometer, (i. e. by 
•^^ of difference between freezing and boiling); but 
40° Fahrenheit is only 8 of its degrees (i. e. ^§77 of dif- 
ference between freezing and boiling) above freezing 
point : and generally, if F^ and C° be the corresponding 
numbers of degrees upon Fahrenheit's, and the centi- 
grade thermometers respectively, which indicate the 
same given temperature, they must belong to gradua- 
tions which divide the distance between the boiling and 
freezing point, on each thermometer, in the same pro- 
portion. Now F° of Fahrenheit denotes a graduation 
{F - 32) degrees beyond freezing point, and therefore 

F — S2 

one which cuts off of the distance between 

180 
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boiling and freezing points, "while the graduation on the 
centigrade whose number is C, is at a distance from its 

freezing point equal to — of the length between boiling 

and freezing ; therefore 

F-32 C ,„ X ^ 

« , or 5(i?'-S2)=9C; 

180 100 ^ / ^ » 

a formula connecting the numbers of those graduations 
on the two thermometers which correspond to the same 
temperature. In a similar manner might be investigated 
a formula for any other two thermometers whose mode 
of graduation was known. 

The advantage of Fahrenheit's thermometer oveP 
the centigrade and others is, that the degrees are small, 
and therefore fractional: parts of them are the less 
frequently requisite in observations, and that the com« 
mencement of the scale is placed so low that it ia 
seldom necessary to speak of negative degrees. 

79. The filling and graduating of a thermometer 
is an affair requiring great skill and precaution, but a 
description of the usual methods pursued for the pur* 
pose is not here necessary. The temperature at which 
ice melts seems to be absolutely constant mider all cir« 
cumstances, but that at which water boils is not so, 
unless the pressure and hygrometrical state of the atmo* 
sphere is also the same. 

It ought, perhaps, to be here remarked that the 
expansion of the mercury measured by the thermometer 
is not absolutely that of the mercury itself, inasmuch 
as the tube too expands ; it is therefore the difference 
between these two expansions which the graduations 
give us : but this fact introduces no difficulty, because 
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the expansion of the glass, like that of the mercury, is 
proportional to the increase of heat, and therefore the 
difference between the two expansions must also be 
proportional to it. 

The expansion of solids is not so often made Use 
of for the measurement of temperature as that of fluids, 
both because it is much smialler in amount and is less 
easily measured. 

80. When a thermometer is brought into the 
Neighbourhood of a medium or substance whose tem- 
perature is desired, its presence alters that temperature 
by the interchange of heat which immediately takes 
place, and which is indeed essential to the use of the 
thermometer ; it is this new temperature which is the 
sulgect of observation, and not the original ; under or* 
dinary circumstances, however, when the mass of the 
thermometer is small compared with that of the substance 
around it (Art. 87)} there is no appreciable difference 
between them. 

81. It is a curious circumstance with regard to 
water, that although it decreases in volume as its tem- 
perature diminishes down to about 4^ Fahrenheit, for 
a still further diminution its volume increases again. 
Some most important results following from this fact 
will be noticed below. 

82. The expansion of gases under heat is regu- 
lated by a very simple law : the ratio of their increase 
of volume to their original volume is for all gases in the 
same proportion to the increase of temperature, provided 
the pressure exerted upon them remains unchanged, 
whatever that pressure be ; thus if F be the volume of 
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a gas at a given pressiure and temperature, IT itd Tolume 
at the same pressure, but at a temperature, increased by 

f*, then — - — as at^ or 

r* r(l + aO (1). 

'where a is a number which is the same for all gases, 

but varies, of ^course, with the magnitude of the degrees 

in terms of which t is measured If ^q represent the 

original density of the gas when occupying the volume 

o V 
F, and p its density in the volume F, — = -—7 ; there- 

fore by substitution (l) becomes 

i-i(l + aO (^), 

the pressure being the same, p^ suppose, both at density 
p and pq. Now suppose the density to change from p 
to Pi the temperature remaining the same as that in 
(2), then by Marriott's law, if p be the new pressure, 

JPo p po 
but Pq a hpf^ where X; is a constant known quantity for 
any given gas ; therefore by substitution 

/> - *;p(l + at) (3). 

a relation between the pressure, density, and temper- 
ature of any given gas. When Fahrenheit's degrees are 
used, a = .0021 nearly. 

83. We are unable to ascertain the amount of heat 
actually contained by a body when exhibiting a given 
temperature, but by careful thermometric experiments 
we can discover how much heat is absorbed or given 
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out by it in passing from one known temperature to 
another; the amount of this heat so absorbed or eyolved 
being estimated by the number of degrees to whieh it 
will raise the temperature of a given mass of water. 
The results of such experiments are, that for the same 
substance : 

(1) The quantity of heat required to be absorbed 
or given out, in order to produce a given increase or 
decrease respectively of temperature, is proportional to 
the mass: 

(2) The quantity absorbed or given out by a given 
mass is in a constant proportion to the consequent in-> 
crease or decrease of temperature. 

84. This may be concisely illustrated by saying 
that if m and m be two masses of the same substance 
exhibiting temperatures t and t' respectively, and if t 
be the uniform temperature which these two masses 
united will attain, then 

(m + w') r = w^ + mt\ 

Thus if any volume of water heated to 70® of any 
thermometer, be mixed with twice the same volume of 
water at 100°, the mixture will be found to have the 
temperature of 90** by the same thermometer. 

85. "When we come to the consideration of different 
substances, we find the constant ratio of law (2) is 
different for each : if q represent the quantity of heat 
absorbed by a unit of mass of distilled water in order 
to increase its temperature by one degree of heat, and 
q' the quantity required for the same purpose by a unit 
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of mass of mercury, q and q are very different ; of course 

their absolute magnitudes would, by both laws, vary in 

proportion to the magnitude of the unit of mass and the 

degree of heat ; but their ratio, instead of being unity, is 

a // 

— « .033 nearly : if q refer to spermaceti oil, ~ = •S. 

This general fact may he got at by a variety of ex- 
periments. For instance, if equal weights of quicksilver 
and water be mixed, the first having a temperature 40®, 
and the second 156®, the temperature <Jf the resulting 
mixture is found to be 152^.3; it thus appears that the 
water has lost heat while the mercury has gained some, 
and it cannot be doubted but that these quantities are 
equal ; 'but then this quantity abstracted from the water 
only diminishes its temperature 3^.7, while it raises the 
temperature of the mass of mercury, to which it is 
added, and which is equal to the mass of water, 112®.3. 
From this it may be inferred, that for raising a given 
mass of mercury 1® it requires iflg of the heat which will 
produce the same result in an equal mass of water. 

Again, if a pound of water at 100® be mixed with 
two pounds of oil a,t AO®, the resulting temperature will 
be 75® ; therefore the same heat which will lower 1 lb. 
of water 25^ will raise 2 lbs. of oil the same amount. 

86. These quantities, q and q, are generally deno- 
minated the specific heata of the respective substances, 
and are most commonly measured in terms of the spe- 
cific heat of some one substance, taken as the unit ; if 
this one be distilled water, as is usually the case, we 
should have g , the specific heat of mercury, « .033 ; and 
similarly for all other substances. 

87. To include these results under a general for- 

8 
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mula, let t^ be the temperature resultiug from the com* 
bination of a mass m, say of mercury, at a temperature 
^, with a mass m', say of water, at a temperature f^ ; 
and let g, 9', as before, be the specific heats of mercury 
and water respectively. 

Suppose t to be greater than t\ and C, estimated in 
terms of the same unit as q and gr', the quantity of heat 
lost by the whole mass of mercury and therefore gained 
by the water ; since then it would require a loss of heat 

« mq to reduce the temperature of the mercury one 

(70 

degree, its actual reduction is — ; similarly the in- 

mq 

crease of the water's temperature must be — 7-7, there- 

fore we have 

mq m q 

from which results by the elimination of C, 

{mq + mil) '^ - *^?^ + ^'?'^' (a), 

•' y •w'Cr-O ^^^' 

the equation (Art. 80) is evidently only a particular case 
of (a). 

88. The foregoing definition of specific heat is not 
extended to gases. It is found more convenient in such 
cases to speak of two kinds of specific heat : the first 
refers to the quantity of heat required to raise by one 
degree the temperature of a gas contained by the rigid 
sides of vessels of constant volume : the second, to the 
quantity required to increase by one degree the tern- 
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perature of a gas contained by the extensible sides of 
a vessel of such nature that the pressure is maintained 
constant. 

89. It has been remarked (Art. 76) that an alteration 
of the temperatin-e is always accompanied by an altera- 
tion of the dimensions of a body, unless some constrain- 
ing force be in action : it may be further asserted that 
all solid bodies may by a sufficient increase of heat be 
rendered liquid, and by a still greater increase, changed 
into vapour. The converse seems also to be true, that all 
elastic fluids will upon a withdrawal of heat become in- 
elastic, and, if the process be continued long enough, at 
length solid. In short, alteration of temperature in any 
substance is always accompanied by either change of 
volume or change of chemical character. Also with elastic 
fluids increase or decrease of pressure produces the same 
eifects as decrease or increase of temper atiu-e respectively. 

90. The term vapour is usually applied to those 
elastic fluids which at ordinary atmospheric pressure 
and temperature lose their elasticity. The laws con- 
necting their changes of temperature, pressure and 
fluid state, are very important, the more so as one of 
them, steam, is now of such extensive application as a 
motive power. 

91. When an inelastic fluid occupies a portioci of an 
inclosed vessel, the remainder being at first a perfect 
vacuum, a certain amount of vapour is disengaged from 
the fluid and passes into the empty space, until the 
space will hold no more at that temperature ; this space 
is then said to be saturated with the vapour and the 
vapour itself to be at satiu-ating density : the tempera^} 

8—2 
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ture at which a given density of vapour saturates dpace 
is termed the Dew Point of that density : the origin 
of this term will be explained in a later article. If the 
temperature be now increased, without any alteration in 
the volume of the inclosing vessel, the elastic force of the 
vapour increases also : and it does so to a much greatei' 
iBxtent than accords with Boyle's law ; this arises from 
the circumstance that additional vapour is generated by 
the fluid, and therefore the space in its new state of 
satiuration corresponding to the new temperature contains 
more vapour than before. The law which connects the 
density of a vapour with its dew point is not simple, and 
need not be introduced here. 

92. If the space containing the vapour be shut off 
from all communication with the fluid, an, increase or 
decrease of temperature in the vapour will cause an alter- 
ation in its pressure, accordant with the law of Boyle, 
down to the point when the temperature is just sufficient 
to retain the given vapour in an elastic state, i. e. down 
to the dew point of its density ; at this point and below 
it, just so much of the vapour will be deposited in its 
liquid state as will leave the remainder at the required 
saturating density. 

Again, if the temperature remaining constant, the 
space above the liquid be increased, sufficient vapour will 
be disengaged to keep the space saturated. 

Generally, then> if vapour rise into a void space, it 
will, whether in contact with its own liqiiid or not, main-*' 
tain a given density at a given temperature, a portioa 
of it, if necessary, becoming condensed : excepting be- 
yond the limiting temperature when its quantity is no6 
sufficient to efiect this, and then it follows Boyle's law*; 
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93. There is every probability that what are uimally 
termed permanent gases are vapours whose saturating 
densities are very great for low temperatures, and thence 
arises the diiBOiculty of reducing them to the liquid 
state. 

94. The results which have just been stated with 
respect to the quantity of vapoiu* which rises at a given 
temperature into a void space from a liquid exposed to it» 
are also true when the space is already occupied by any 
other gases or vapours ; the only difference is, that in this 
case time is required to complete the satiuration. 

95. When a space is occupied by any number of 
gases and vapours together (these last being supposed at 
saturation density, otherwise they are, as far as we are 
concerned, gases,) the laws of Art. (74) obtain for the 
mixtiu'e : it is uniform throughout, and the pressiu-e at 
every point is the sum of those pressures which would 
,be separately due to the individual gases or vapours if 
they occupied the space alone. 

96. The curious phenomenon of ebullition which 
takes place when water is heated to boiling point admits 
of explanation by the aid of the foregoing principles. 
When the vessel is placed upon the fire the particles of 
water next its sides become heated, rise to the surface, 
and there give off their vapour : the colder particles 
which take their places become heated in turn, and by a 
continuation of this process the whole mass becomes 
gradually heated ; but so far the operation of heating is 
quite tranquil. At length the lower layers attain such 
a temperature, that the pressure of their vapoiur at the 
corresponding saturating density is greater than that of 
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the superincumbent fluid : this vapour therefore expands, 
forms itself into bubbles and rises towards the surface ; 
but in its progress it comes into fluid of a lower tempe* 
rature and is consequently suddenly condensed ; this 
produces the bubbling noise and disturbance in the water 
which precedes the boiling. These heated bubbles of 
vapour however greatly accelerate the equalization of 
the temperature of the whole fluid : it finally becomes 
tmiform, and the bubbles of vapour generated in all parts 
of the fluid pass out to the surface at uniform pressure, 
-Which must manifestly equal that of the atmosphere ; the 
disturbance arising from the passage of these bubbles 
continues, but the crackling and bubbling has ceased and 
the boiling is completed. Ebullition, then, which is the 
criterion of boiling, occurs as soon as the temperature 
of the interior particles of the fluid becomes such that 
the pressure of their vapoiu* at the corresponding satu- 
rating density is greater than the pressure of the sur- 
rounding fluid. 

We see from this explanation that the pressure of 
the atmosphere upon the surface of water, must materi- 
ally affJect the temperature at which water will boil, and 
must therefore be taken into consideration in the gradua- 
tion of the thermometer. The height of the barometer 
is about 30 inches when boiling water has the tempera- 
ture 212® indicated by Fahrenheit's thermometer. 

97. The preceding laws connecting the pressures 
&c. of a mixture of a gas with vapour may be exhibited 
in an algebraical form. Suppose the gas to be always 
in contact with liquid aflbrding the vapour, and its 
quantity to be given, then if F be the space it occupies 
at temperature t^ and if p denote what would be its 
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pressure if it occupied that space alone, by Art. (82), 

because the quantity of gas remaining the same its 
density varies inversely as its volume. Now by Art. (74) 
if P be the whole pressure of the mixture, F the elastic 
force or pressure of the vapour at saturating density, 

P = p + P (2) 

therefore substituting above, 



P-F 



(3). 



98. From the preceding remarks it may be col- 
lected that, when bodies change their state and dimen- 
sions, a portion of heat is always either absorbed or given 

'but by them, and that this portion is not all accounted 
for by the consequent alteration in their temperature. 
In fact one part of the heat absorbed or given out is 
employed in producing mechanical changes in the body 
itself, i. e. in making it larger or smaller, or in altering 
its chemical natm-e, the other goes towards increasing 
or decreasing the temperature. The definition above 
given of specific heat takes the whole of this heat into 
consideration while the first part is usually distinguished 
by the name of latent or insensible heat. 

99. The quantity of heat which becomes latent in 
the passage of an inelastic fluid into the gaseous state is 
very great, all of which is absorbed by the vapour at the 
moment of its generation either from its parent fluid or 
from any solid body with which it may then be in con- 
tact, such as would be the case if the evaporating liquid 



120 MIXTURE OF GASES^ 

were percolating any substance. The vapour and liquid, 
like all bodies which are in contact, and which readily 
impart heat to each other, are always of the same tern- 
perature and therefore during the evaporation, if no ex- 
traneous heat be supplied them, they will both gradually 
cool, and thus, if the pressure above the liquid be dimin- 
ished sufficiently to keep it boiling notwithstanding the 
lowered temperature, a freezing of the liquid will actually 
be the result of its boiling.. 

With the aid of the air-pump many experiments may 
be made to shew this remarkable phenomenon : but per- 
haps the most instructive of aU is the following : If two 
bulbs of glass be connected by a bent tube and one 
be filled with water and then heated so that the vapour 
rises sufficiently to drive all air out of the tube through 
an orifice in the empty bowl, and if this orifice be then 
closed, the pressure of the included steam will after coolings 
be reduced to that which is due to the temperatiu^e of 
the air : if now the empty bulb be immersed in a freezing 
mixture the steam will have its pressure so diminislied that 
the water in the other bulb will immediately boil very 
rapidly, and the consequent vapour will carry off from it 
to the freezing mixture enough latent heat to convert 
the remaining water into ice: this apparatus was invented 
by Wollaston and called by him the Cryophorus, or frost- 
bearer. 

100. This explanation fully accounts foi' the well- 
known cooling effect of evaporation. A sudden dilata- 
tion of a gas produces the same result, as does also the 
reduction of a solid to a liquid state, such as the thawing 
of ice. On the contrary, physical changes of an opposite 
kind cause the body to evolve heat : thus when quicklime 



MIXTURE OF GASES, 121 

is slaked and a species of concretion or solidification of 
the water thereby produced, considerable heat is given 
forth. Also in some neat contrivances for lighting 
matches the necessary heat is produced by a sudden 
forcible condensation of gas> or compression of a solid. 

101. Many meteorological phenomena, such as clouds, 
fogs, rain, dew, &c. are caused by changes of temperatiu-e 
taking place in an atmosphere charged with moisture. 
We are now in a position to offer some explanation of 
them. 

The water at the surface of the earth in contact with 
the atmosphere is continually giving off vapour, but not 
with sufficient rapidity, compared with the compensating 
causes, to produce general saturation : the portion of air 
nearest the earth's surface is found at mean temperature 
to contain about half the quantity of vapour required 
to saturate it. It may be here mentioned that the ratio 
which the quantity of vapour actually present at any 
time in a portion of air bears to the quantity which would 
saturate it at the temperature then existing, is taken as 
the measure of the hygrometrical state of the air at that 
time. The instruments, of which there are various 
kinds, used for ascertaining this ratio are termed hygro- 
meters. 

102. The vapour formed at the surface of the earth 
has a much less specific gravity than the air, it there- 
fore rises rapidly, and becoming in consequence exposed 
to a diminution of atmospheric pressure, expands ; this 
expansion cools the surrounding air which was proba- 
bly at a lower temperature already than that near the 
earth; and it thus happens that at a certain height the 
vapour is very nearly sufficient to produce saturation ; 
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here, therefore, if any reduction of temperature is by 
any means effected, vapour must be condensed. Now 
the first form of condensation of a mass of vapour is 
that which is exhibited by steam issuing into the atmo- 
sphere and which makes it visible : the vapour seems 
to condense into little hollow spheres, or vesicles, having 
ia nucleus of air in the center, which owing to the evo- 
lution of latent heat is of a temperature certainly not 
less than that which the vapour had previous to conden- 
sation ; each sphere, together with its included air, pos- 
sesses a specific gravity which need not be greater than 
that of the surrounding atmosphere, and thus the whole 
mass will float in a visible form, which we call a cloud. 

103. A still further diminution of temperature 
causes the vesicles of the clouds to collect into solid 
drops, which being necessarily of greater specific gra- 
vity than air, immediately fall to the siu-face of the 
earth and produce what is called rain. 

104. Changes of temperature of the kind here 
supposed may be often attributed to electrical causes, 
but generally, no doubt, they result from the passage 
of a current of hotter or colder air. It is possible that 
masses of air, each charged with vapour, should by 
meeting form a mixture, whose reduced temperature 
would require for saturation less vapour than that which 
they altogether brought with them; this wouTd cause 
the instantaneous appearance of a cloud, and, perhaps, 
rain ; and would very well account for a phenomenon 
which is by no means uncommon. 

Any mechanical means which would bring a quantity 
of air already saturated into a space where a temperature 
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lower than its dew-point obtains, would produce a mani- 
festation of vapour or rain ; it thus happens that the 
tops of mountains are very generally capped with clouds; 
for the currents of air charged with moisture, which are 
carried along by the winds nearly parallel to the sur- 
face of a level country, slide up the sides of any hills 
which they meet with, and are thus raised by them, as 
by inclined planes, into an elevation, where the tempera- 
ture perhaps, for reasons mentioned in Art. 102, is always 
lower than it is below. 

105. Snow results from the freezing of vapour at 
the moment of condensation, while hail proceeds from 
the freezing taking place after the drops have been 
formed, and during their passage, in falling, through a 
portion of air having a very low temperature. 

106. Fogs and mists are only clouds in different 
states of density actually in contact with the earth^s 
surface. 

107. DeWf and Jioar frosty and nighufogs are phe- 
nomena of the same class as the preceding: although 
their immediately acting cause is peculiiir. They are 
produced by the earth and the objects near its surface 
becoming colder than the superincumbent air, and then 
acting upon it as a refrigerator: the layer next the 
earth may thus have its temperature so much reduced 
that the vapour contained by it is too much for its 
saturation, the superfluous quantity will then be depo- 
sited in the form of Dew ; at the same time, a little 
higher up, the temperature may be only just low enough 
to exhibit the condensed vapour in the shape of a fog, 
while above this the air will be clear. If, again, the 
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temperature of the earth under consideration be as low 
as freezing-point, the vapour will freeze upon eonden-* 
sation, and an effect similar to snow will be produced 
on the surface of the earth ; this is hoar frost. It is 
sufficiently apparent that the air in valleys, and above 
streams and pieces of water, will receive more vapour 
in the course of the day than that elsewhere, and will 
therefore be the more nearly saturated; hence it is 
that these places are the most favourable for exhibiting^ 
fogs, dews, &c. 

108. It remains now to explain how it is that the 
earth so often becomes colder at night than the air 
above, and thus produces the effects just described. 
There are three distinct modes in which heat may be 
transmitted from body to body, Conduction, Convection^ 
and Radiation. It is conduction when the heat passes 
from one part of a body to another, through the inter- 
mediate particles, or from one body to another which 
is in contact with it ; thus if one end of a metal wire 
be heated in a Candle, the other will become hot by 
conduction; and both the warmth experienced when 
the finger is limmersed in boiling- water, and the cold, 
when it touches ice, are the effects of conduction ; in 
the first case it communicates heat from the water to 
the finger, and in the other it takes it from the finger 
to give it to the ice. Some bodies are so much better 
conductors than others, as to produce very different sen- 
sations of heat upon being touched by the hand, although 
the real temperature of all may be the same ; all metals 
are so in comparison with wood, &c.; and of this fact 
practical use is made when ivory handles are attached 
to teapots. Sil^ and wool arre well known noncpnduc* 
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tors, and are therefore admirably adapted for clothes^ 
to prevent the animal heat from escaping too rapidly. 

When any fluid, elastic or not, after receiving heat^ 
passes to another place and there gives it up again, the 
process of transmission is termed Convection. 

JRadiatian is of quite a different character ; it is a 
term used to designate the process of interchange of 
heat which is continually going on between all sub- 
stances at all distances from each other. Each body 
seems to throw out its own heat in all directions around 
itself, just as light radiates from a luminous point, and 
to absorb that which comes to it in the same way from 
its neighbours. It is an ascertained fact, that when a 
portion of the surface of any body receives heat from a 
source which is at the same temperature as itself, it 
absorbs exactly the same quantity which it radiates; 
and thus when equilibrium of heat is once established 
amongst bodies surrounding each other, it will be always 
maintained, unless disturbed by some extraneous cause; 
but if the portion of radiating surface be opposed to 
no source of heat whatever, it will lose all the heat 
which radiates from it, and the whole of the body of 
which it forms a part will cool by conduction. 

109. Our promised explanation is now easy, for it 
so happens that the radiating power differs extremely 
vath different substances, and that with air, as with all 
perfect fluids, it is almost zero ; at the same time air 
presents little or no obstacle to the free radiation of 
heat through it : thus at night, when the sun and all 
extraneous sources of heat are removed, the surface of 
the earth and the bodies upon it will entirely lose just 
so much of their heat as radiates thnmgh the air into 
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empty space, supposing no such objects as clouds, trees; 
&c., exist in that direction to return it ; they may there- 
fore cool suflSciently below the temperature of the air 
with which they are in contact, to eflTect by conduction 
the results described. 

This explanation is confirmed by the extraordinary 
difference in the quantity of dew which is observed tor 
be deposited in the same place, upon objects of differ- 
ent kinds; thus grass, and the leaves of most vegetables^ 
glass, chalk, and generally bodies with rough or dense 
surfaces, all of which have a power of rapid radiation, 
will be covered with dew at a time when metals and 
many bodies with smooth surfaces lie almost dry by the 
side of them. 

110. If a solid body be introduced any where into 
the atmosphere, and if its temperature be just below that 
point at which the vapour in the atmosphere around it 
is sufficient to saturate it, some of this vapour must be 
deposited upon its surface in the form of dew. Hence 
if the temperatiure of such a body be observed, as it is 
gradually made to cool down tiU dew is seen upon it, 
and if also it be observed when it is reheated till this 
dew disappears again, the real temperature at which the 
vapour in that particular part of the atmosphere saturates 
it, and which must evidently be intermediate to these 
two, can be approximately ascertained. This tempera- 
ture is called the dew-point (a term which we have already^ 
Used) for that portion of atmosphere at that time, and 
from it can be obtained the actual quantity of vapour 
present, by the aid of tables which connect the saturate 
ing density of vapour with the corresponding tempera^ 
ture. : ' ] 
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111. The heating or cooling of liquids is almost 
entirely eiSeeted by convection, as their conducting 
powers are slight. This has been already assumed to be 
the case in the explanation given of the boiling of water^ 
and is confirmed by the circumstance^ that to make water 
boil by heating it from above is a process requiring 
much time : the upper particles are in this case the 
first to have their temperature heightened, and they do 
not then, as the lower would under like circumstances, 
give place to others, because their diminished specific 
gravity is a sufficient reason for their renxaining where 
they are. 

When liquids cool from above, i. e. when they lose 
the heat which radiates from their upper surfaces, each 
layer of particles as it becomes cooler than the rest, and 
therefore has its specific gravity by the contraction of 
its volume increased beyond that of the liquid below it, 
sinks, and is replaced by the adjacent portions of the same 
liquid, which will in turn undergo the same fate ; thus the 
whole mass has its temperature uniformly reduced ; and 
if this reduction goes as far as the freezing point, the 
whole will be congealed. 

If such were the result of the cooling of water, it 
would be most disastrous in the present condition of our 
globe: all aquatic life would be destroyed every time that 
a severe frost occurred, and a lake or river when once 
converted into solid ice would never melt again in our 
climates, for the heated water resulting from the partial 
thawing of the surface, would not, for the reasons just 
given, convey downwards sufficient heat for the thawing 
of the remainder. Fortunately for us the law given 
above, by which water contracts, prevents these un- 
pleasant consequences : after a volume of water has been 
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reduced down to a uniform temperature of 40^ lipon a 
continuation of the cooling process, its upper particles 
will cease to descend and will soon become a sheet of 
ice, which by its non-conducting power materially pre- 
serves the remaining water from the further effect of 
cold. 



GENERAL EXAMPLES. 

(l) A thin conical surface (weight TT) just sinks to 
the surface of a fluid when immersed with its open end 
downwards : but when immersed with its vertex down- 
wards, a weight equal to m IFmustbe placed within it to 
make it sink to the same depth as before : shew that, if 
a be the length of the axis, A the height of the column 
pf the fluid, the weight of which equals the atmospheric 
pressure, 

a ,. . 

Jt is evident from the question that the weight of 
the fluid displaced in the second immersion is to the 
weight of that displaced in the first :: 1 + m : m. 

But the volume displaced in the first case is that 
occupied by the compressed air within the shell, and is 
therefore a cone whose axis may be represented by «r, 
while that in the second case is the volume of the whole 
cone ; now the volumes of these cones are in the ratio 
of the cubes of their axes ; therefore, 
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Again, the pressure of the air compressed into the 
cone whose axis is z must balance the pressure due to 
the depth z below the surface of the fluid ; and before 
compression when it occupied the whole volume of the 
cone, its pressure balanced a column of fluid equal to 
h; therefore 

;?--*- <'> 

hence, substituting in (1) 

z + A 
-^--l + in, 

or z^ mh, 

and therefore again from (i) — « m v^T+ro! 

(2) A hollow conical vessel floats in water with its 
vertex downwards and its base on the level of the water's 
sur&ce : it is retained in that position by means of a cord, 
one end of which is attached to the vertex and the 
other to the center of a circular disc lying in contact 
with the horizontal plane upon which the water rests ; 
given the dimensions of the cone and the depth of the 
water, find the smallest disc which will answer the pur- 
pose, neglecting the weight of the cord, cone, and disc. 

As there is no fluid under the disc the resultant fluid 
pressure upon it is the same as the total pressure upon 
its upper surface : it is therefore equal to the weight of 
a cylindrical column of the fluid having the disc for its 
base and the depth of the fluid for its height : since the 
horizontal plane can only exert a force of resistance, the 
smallest disc is evidently that, upon which this downward 
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fluid pressure is just sufficient to balance tbe tehsidn of 
the string upwards, when the cone is in the given state 
of immersion : but the force required to be exerted by 
the string in order to hold the cone in this position is 
equal and opposite to the resultant of the fluid pressures 
upon the surface of the cone, i. e, to the weight of the 
fluid displaced by it. Hence we conclude that the 
smallest disc reqmred will equal the base of a cylinder 
of the fluid, whose altitude is that of the fluid and whose 
volume is that of the given cone. 

(3) A body in the form of an equilateral triangle 
floats in water ; determine the condition to be satisfied in 
order that one angular point may be in the surface of 
the water and the opposite side vertical. 

The centers of gravity of both the triangle and the 
fluid displaced by it may be easily proved to be in the 
same vertical line ; the condition referred to therefore 
concerns the specific gravities of the triangle and fluid«r 

(4) A pyramid with a square base and with sides 
which are equilateral triangles is placed on a horizontal 
plane and filled with a fluid through an aperture in the 
vertex ; find the pressure on one of the sides. 

If the pyramid have no base find its least weight con- 
sistent with its not being raised from the plane. 

(5) The surface of a man's body contains 141^ square 
feet; find the pressure on it when at a depth of 20 
fathoms in salt water whose specific gravity is 1.026. 
State also how the resultant of this pressure might be 
found. 

(6) If a cubic inch of distilled water weigh 253 grains^ 
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and the specific g;ravity of salt water be 1.026, what will 
be the pressure on a square inch at a depth of 90 feet 
below the level of the sea? 

(7) A cone with its axis vertical and base down* 
wards is filled with fluid, find the normal pressure on the 
curved surface, and compare it with the weight of the 
fluid. 

(s) A cubical box filled with a fluid of a given 
weight W, is supported in such a position that one of its 
edges is horizontal, and that one of its sides passing 
through this edge is inclined at| an angle a to the 
horizon, shew that the sum of the pressures on the six 
faces is equal to 

3 W (sin a + cos a). 

(9) An isosceles triangle has its vertex in the siur- 
face of a fluid and base parallel to it, find the pressure 
and center of pressure. 

(10) Find the center of pressure of a parallelogram, 
whose diagonal is vertical with one extremity in the sur« 
face of the fluid. 

(11) If the side of a rectangle be horizontal and at 
a given depth below the siuface of a fluid, determine the 
whole pressure on the rectangle ; and shew that it lies 
below the center of gravity of the rectangle. 

(19) A hemispherical bowl is filled with fluid, and 
difierent sections of it are taken through the same tan- 
gent line to its rim : determine the section upon which 
the pressure is the greatest. 

9— « 
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f 
(IS) A portion of a paraboloid cut off by a plane 
perpendicular to its axis, floats with its axis vertical in a 
cylinder containing two fluids, each of uniform known 
density, which do not mix. Having given that the radius 
of the cylinder, the latus rectum, and length of axis of 
the paraboloid are all equal: find the volume of the 
upper fluid when the two ends of the axis of the para- 
boloid project equal distances above and below the sur- 
fi^e of that fluid when there is equilibrium. 

(14) ABC is a right-angled triangular plate and it 
floats with its plane vertical and the right angle C im- 
mersed in water : prove that if its specific gravity be to 
that of water as 2 : 5, and CB : C-4 = 5 : 4, CB is cut by 
the surface of the water at a distance from C » CA* 

(15) One end of a uniform rod is attached to a 
hinge fixed in a mass of fluid ; to the other is attached 
by a free joint the vertex of a cone which floats in the 
fluid. Given that the volume of the cone is 9 times that 
of the rod and the specific gravity of the rod 20 times 
that of the cone : find the specific gravity of the fluid in 
order that the cone may float with |^ of its axis im- 
mersed. 

. j(l6) A right cylinder of radius a and height 2 A 
floats in a fluid of double its density with one of its 
circular ends entirely out of the fluid. Shew that it can 
rest with its axis inclined at a certain angle to the vertical 

ifA>-^. 
V2 

(17) A piece of zinc (whose specific gravity is 6.9) 
weighs 59 oz. in distilled water and 61 in alcohol, find the 
specific gravity of alcohol. 
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(18) A lump of metal weighs 59 oz. in water and 6l 
oz. in alcohol whose specific gravity is .8 : find its weight 
and specific gravity. 

(19) A uniform cylinder when floating with its axis 
vertical in distilled water sinks to a depth of 3.28 inches 
and when floating in alcohol sinks to a depth of 4.1 inches ; 
find the specific gravity of alcohoL 

(20) A vessel of given weight in sailing down a river 
leaks F cubic feet of water and is observed to be immersed 
to a given depth. On reaching the sea V cubic feet are 
pumped out : and after V" cubic feet of sea water have 
been lestked, the vessel is observed to be immersed at 
the same depth as before : find the specific gravity of sea 
water. 

Obtain a numerical result, taking specific gravity of 
fresh water « 1, weight of ship « 100 tons, F« 1000, 
V « 500, V" - 600. 

(21) Assuming that 100 cubic inches of air weigh 
31.0117 grains and a cubic foot of water weighs 1000 oz., 
compare the specific gravities of air and water : and if 
34 feet be the height of a column of water which the 
atmosphere will support, shew that the height of the 
atmosphere considered homogeneous is about 5 miles. 

(22) The weight of a cubic foot of water being 
1000 oz. and its specific gravity unity, determine the 
specific gravity of a substance whose bulk is m cubic 
inches and weight n oz. 

(23) A cubic foot of water weighs lOOO oz., what is 
the specific gravity of a solid of which a cubic yard 
weighs 549 lbs ? 
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(24) A cube of wood floating in water descends 1 
inch when a weight of SO oz. is placed on it ; find the 
size of the cube supposing a cubic foot of water to 
weigh 1000 oz. 

(25) If the specific gravity of air be «, that of water 
being l, and if TF, W be the weights of a body in air 
and water respectively, shew ihat its weight in vacuo 

wiU be »r+ ~^(fr- IT)- 

(26) A metal cylinder floats in mercury with one 
fourth of its bulk above the surface. Find the specific 
gravity of the metal, that of mercury being 13.6. 

(27) A piece of wood weighs 6 lbs. in air ; a piece 
of lead which weighs 12 lbs. in water is fastened to it and 
the two together weigh 10 lbs. in water: find the specific 
gravity of the wood. 

(28) To a piece of wood which weighs 4 oz. in vacuo 
a piece of metal is attached whose weight in water is 
3 oz. and the two together are found to weigh 2 oz. in 
water : find the specific gravity of the wood. 

(29) A lump of silver weighs 521 grains in air and 
470 grains in water, find the specific gravity of silver, and 
also the volume of the lump, having given that the 
weight of a cubic inch of water is 252.458 grains. 

(SO) A cubical block of marble whose edge measures 
2 feet and whose specific ^avity.is 2.7 has to be raised 
out of a river : determine its weight when entirely im- 
mersed and also when lifted out of the water. 

(31) Two bodies A and JS in air weigh 10 lbs. and 



GENERAL EXAMPLEa 135 

15 lbs. respectively: in mercury B alone and A and B 
together weigh respectively 9 Iba and 1 lb. : what is A*% 
specific gravity, that of mercury being 13.5? 

{Si) A cubic inch of pure gold (specific gravity l6^) 
is mixed with two cubic inches of mercury (specific 
gravity 13.6), find the specific gravity of the compound. 

{SS) What weight of water must be added to a 
poimd of fluid whose specific gravity is \ in order that 
the specific gravity of the mixture may be f ? 

(34) If p parts by weight of a metal whose specific 
gravity is s when fiised with p' parts of a metal 
whose specific gravity is s form an alloy whose specific 

gravity is S, shew that -th part of the volume of the 

whole has been lost by condensation during the mixture 



n Sipa+pa)* 

(35) The temperature at one place is 24^ by the 
centigrade and at another 52^ by Fahrenheit. What is 
the difference by Fahrenheit's ? 

(36) What is meant by the sensibility of the ther- 
mometer? What degree of a centigrade corresponds 
to 60 of Fahrenheit, and what degree of Fahrenheit's to 
60 of the centigrade? 

(37) Having given a certain temperature in degrees 
according to Fahrenheit's thermometer, find the number 
of degrees indicating it on De Lisle's thermometer, 
where the space between boiling and freezing point ia 
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divided into 150 degrees, and the boiling point is taken 
M the zero of the scale. 

(38) The point at which mercury freezes is indi- 
cated by the same number on the centigrade and on 
Fahrenheit s scale : determine the number. 

(39) In a vessel not quite full of water, and closed 
at the top by a flexible membrane, a small glass balloon, 
open at the lower part, contains sufficient air just to 
make it float, explain the principle upon which the 
balloon sinks when the membrane is pushed in. 

(40) A conical shell is filled with fluid and sus- 
pended by its vertex from a fixed point : it is then di- 
vided symmetricaUy by a vertical plane, and kept from 
falling asimder by a hinge at the vertex, and a ligament 
at the base, coinciding with that diameter of the base 
which is perpendicular to the dividing plane : determine 
the tension of the ligament. 

(41) A straight rod loaded at one end, but not 
sufficiently to sink it, is projected in a slanting direction 
into a fluid ; explain how it is that the rod will rise to 
the surface very nearly at the point at which it entered. 

(42) A piece of cork is attached by a string to the 
bottom of a bucket of water so as to be completely 
immersed, and the bucket being placed in the scale of 
a balance is supported by a weight in the other scale. 
If the string be cut, will the weight begin to rise or 
fall ? State your reasons. 

(43) A cylindrical vessel containing fluid revolves 
uniformly about its axis, and a solid cylinder of less 
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ispecific grayity than that of the fluid floats in it with 
its axis coincident with that of the revolving vessel, 
find how deep it is inunersed. 

(44) A transparent closed cylinder filled with fluid, 
in which there are extraneous particles, some lying at 
the bottom and some floating at the top, is set revolving 
about its axis: it is then observed that the floating 
particles all flow in towards the axis, while those at the 
bottom recede firom it : explain this. 

(45) A ring of elastic material, having a very small 
transverse section, is constrained to lie between two 
horizontal planes within a cylinder of water ; supposing 
it to be concentric with the base, compare its change of 
dimensions, when the cylinder is made to revolve about 
its axis in a vertical position, according as its specific 
gravity is greater or less than that of the water. 

(46) If a vertical cylinder containing heavy fluid 
revolves about a generating line with a uniform angular 
velocity, the depth to which the surface sinks below its 
original level ; the height to which it rises above that 
level :: 3 : 5. 

(47) A circular tube is half full of fluid, and is 
^lade to revolve uniformly round a vertical tangent-line 
with angular velocity w: if a be the radius, prove that 
the diameter passing through the open surfaces of the 

fluid is inclined at an angle tan"^- — to the horizon, 

g 

(48) If a spherical envelope be formed of a sub- 
stance, which, if made into a line having a section K, 
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Would beHr a weight W: find the number of strokes of 
the piston after which this envelope placed under the 
receiver of an air-pump would burst. 

(49) A vertical cylindrical vessel, closed at the 
base, is formed of staves held together by two sMngs; 
which serve as hoops, and is filled with fluid. Shew- 
that the tension of the upper string is to that of the 
lower :: A - 3a : 2A - 3a, where h is the altitude of the 
cylinder, and a the distance of the upper and lower 
strings from the top and bottom of the cylinder respec- 
tively. 

(50) In the case of the previous question, how 
knuch of the fluid must be withdrawn from the cylinder 
in order that the tension of the upper string may 
vanish ? 

(51) A cylindrical boiler the interior radius of 
which is 10 inches, and the thickness ^^ of an inch, is 
formed of a material such that a bar of it, one square 
inch in section, can just support a weight of 10,000 lbs. 
without being torn asunder : find the greatest pressure 
which the boiler can sustain without bursting. 

(52) At 18°.9 (centigrade) the weight of a cubic 
foot of distilled water is 997.84 ozs., and at 10^^ its weight 
is 998.24 ozs. : find the temperature at which it shall be 
2000. 

(53) A cubic inch of water which weighs 252.458 
grains will produce a cubic foot of steam at atmospheric 
pressure, find the specific gravity of steam. 

(54) A quantity of air under the pressure of m lbs. 
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to the square iach» occupies n cubic inches when the 
temperature is fy find its volume under a pressure of 
m'lbs. to the square inch when the temperature is t'^, 

(55) Having given that mlbs. of steam at the boil- 
ing-point, mixed with nibs, of water at temperature t^ 
produce m + n lbs. of water at the boiling-point, com- 
pare the latent heat of steam and the specific heat of 
water, 

{56) Upon what principle might the height of a 
mountain be approximately found by observing the tem- 
perature at which water boils at the top ? 

(57) A vessel contains air at atmospheric pressure, 
when the air is heated to temperature T above what 
it was, find the force in pounds necessary to be applied 
to a piston in the vessel to prevent its being forced out. 

(58) A thermometer-tube, open at the top and 
filled with mercury, contains 1000 grains at 32^ tempera- 
ture ; if the tube be* heated till its temperature is 84^ 
find how many grains of mercury will be expelled. The 
expansion of mercury in volume between 32^ and 212^ 
being .018, and the linear expansion of glass between 
the same points .0008. 



THE END. 
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Apologia Prima. Edited, with a corrected Text, and English Introduction 
and explanatory Notes, by W. TROLLOFE, M.A. Pembroke College, Cam- 
br idge. Bvo. bds. 7s. 6d. 

JUVENAL— Juvenal: chiefly from the Text of Jahn. 

With English Notes for the Use of Schools. By J. E. B. MAYOR, M.A. 
Fellow and Classical Lecturer of St. John's College, Cambridge. Crown 8vo. 
cloth, \0s.6d. 

EENNEDY— The Influence of Christianity upon Inter- 
national Law. The Hulsean Prize Essay in the University of Cambridge for 
the year 1854. Crown 8vo. cloth, 4«. 

KINGSLEY.— " Westward Ho!" or, the. Voyages and Adven- 
tures of Sir Amyas Leigh, Knight of Burrough, in the County of Devon, in 
the Reign of Her Most Glorious Majesty Queen Elizabeth. By CHARLES 
KINGSLEY. Second Edition. 8 vols, crown 8vo. 1/. Us. 6d. 

KINGSLEY.— The Heroes: or, Greek Fairy Tales for my 

Children. With Eight Illustrations after Drawings by the Author. In 8vo. 
beautifully printed on tinted paper, and elegantly bound in cloth, with gilt 
leaves, 7s. 6d. 
** If the public accept our recommendation, Mr. Kingsley's little book will run 
through many editions.*' — Guardian, March 12, 1856. 

KINGSLEY— Glaucus ; or, the Wonders of the Shore. 

Fifth Thousand. With a Frontispiece. Fcap. 8vo. cloth, 3s. 6d. 

KINGSLEY.— Alexandria and Her Schools: heing Four Lee- 

tures delivered at the Philosophical Institution, Edinburgh. With a Preface. 
Crown 8vo. cloth. 5s. 

KINGSLEY.— Phaethon; or Loose Thoughts for Loose 

Thinkers. Second Edition. Crown 8vo. boards, 2«. 

LATHAM.— Geometrical Problems in the Properties of Conic 

Sections. By H. LATHAM, M.A. Fellow and Tutor of Trinity Hall. 8vo. 
sewed, 9s.6d. 

LECTURES to Ladies on Practical Subjects. 

Delivered in London during the month of July, 1855, by the Rev. F. D. 
MAURICE, Professor TRENCH, Archdeacon ALLEN, J. S. BREWER, 
J. LL. DAVIES, CHARLES KINGSLEY, Dr. CHAMBERS, 
Dr. SIEVEKING, Dr. JOHNSON, TOM TAYLOR, Esq., and 
F. J. STEPHEN, Esq. Second Bdition. Crown 8vo. cloth, 7s. 6d, 

LETTERS from Italy and Vienna. 

Small 8vo. cloth, 5«. 6d. 
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LUND— A Short and Easy Course of Algebra. 

Chiefly desigrned for the use of the Junior Classes in Schools, vith a numerous 
collection of Original easy Exercises. By THOMAS LUND, B.D. late Fellow 
of St. John's College, Cambridge. Second Edition. 12mo. cloth. S«. 6d. 

LUSHINGTON.— I# Nation Boutiqui^re : and other Poems, 

chiefly Political. With a Preface. By the late HENRY LUSHINGTON, 
Chief Secretary to the Governor of Malta. Points of War. By 
FRANKLIN LUSHINGTON, Judge ia the Supreme Courts of the Ionian 
Isles. In 1 vol. fcap. 8vo. cloth, ia. 

MACKENZIE.— The Christian Clergy of the first Ten Cen- 
turies: their Influence on European Civilization. By HENRY MACKENZIE. 
B.A. forraerlyScholarof Trinity College, Cambridge. Crown 8vo. cloth, 6*. 6d. 

MANSFIELD.— Paraguay, Brazil, and the Plate. 

With a Map. Edited from the Author's MSS. With a Sketch of his Life. 
By the Rev. CHARLES KINGSLEY. [/«*< readp. 

MANSFIELD.— On the Constitution of Salts. 

Edited from the Author's MS. by N. H. S. MASKELYNE, M.A. Wadham 
College, and Reader in Mineralogy in the University of Oxford. [In the Press. 
M*COY. — Preparing for Publication; to be completed in .about Five Parts, 
price 5s. each, forming One Volume 8vo. of about 500 pages, with nearly 1,«0C 
illustrations in the text, drawn and engraved by the Author, 

A Manual of the Genera of British Fossils. 

Comprising Systematic Descriptions of all the Classes, Orders, Families, and 
Genera of Fossil Animals found in the Strata of the British Isles; with 
figures of all the Generic Types. By FREDERICK M'COY, F.G.S., Hon. 
F.C.P.S., Professor of Natural History in the Universityof Melbourne, Author 
of " Characters of the Carboniferous Limestone Fossils of Ireland." " Synopsis 
of the Silurian Fossils of Ireland," one of the Authors of *• Sedgwick and 
M'Coy's Britisli Palseozoic Rocks and Fossils," &c. 
M'COY. — Preparing for Publication, in One Volume, crown 8vo. with numerous 
Illustrations, 

An Elementary Introduction to the Study of Palaeontology.. 

With numerous Figures illustrative of Structural Details. 
♦♦* This little Work is intended to supply all that elementary information on the 
Structure of Fossil Animals, with reference to the most nearly allied existing 
types, illustrated explanation of technical terms, &c. which the beginner may 
require, but which would be out of place in the Author's systematic volume 
on the Genera. 

M'COY.— Contributions to British PalsBontology; or, First De- 
scriptions of several hundred Fossil Radiata, Articulata, Mollusca, and Pisces, 
from the Tertiary, Cretaceous, Oolitic, and Palaeozoic Strata of Great Britain. 
With numerous Woodcuts. 8vo. cloth, 9s. 

•f^* This forms a complete Series of the Author's Papers from the ** Annals of 
Natural History." 

MASSON.— Essays, Biographical and Critical; chiefly on the 

English Poets. By DAVID MASSON, M.A. Professor of English 
Literature in University College, London. 8vo. cloth, lis. dd. 
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MAURICE.— Discourses on the Gospel according to St. John. 

Crown 8to. cloth. [Nearly ready, 

MAURICE.— A Photograph Portrait of Rev. F. B. Maurice. 

4to. price 6$. 

MAURICE.— Lectures on the Ecclesiastical History of the 

First and" Second Centuries. By FREDlSRlCK DENISON MAURICE, 
M.A. Chaplain of Lincoln's Inn. 8to. cloth, iOs. 6d, 

MAURICE.— The Unity of the New Testament, heing a 

Synopsis of, and Commentary on, the first three Gospels, and the Epistles of 
St. James, St. Jude, St. Peter, and St. Paul. 8yo. cloth, lit. 

MAURICE.— Patriarchs and Lawgivers of the .Old Testament 

Second Editton- With new Preface. Crown 8to. cloth, 6«. 

MAURICE.— The Prophets and Kings of the Old Testament. 

- Crown 8vo. cloth. Second Edition. 10«. ed. 

MAURICE.— Theological Essays. 

Second Edition, with a new Preface and other additions. Crown 8vo. 
cloth, 10s. ed. 

MAURICE.— The Doctrine of Sacrifice deduced from the 

Scriptures. With a Dedicatory Letter to the Young Men's Christian Associa- 
tion. Crown 8^0. cloth, 7«. 6d. 

MAURICE.— Christmas Day, and other Sermons. 

8to. cloth, I0g.6d. 

MAURICE.— The Religions of the World, and their relations 

to Christianity. Third Edition. Fcap. Svo. cloth, 5s. 

MAURICE.— The Prayer-Book considered, especially in re- 
ference to the Romish System. Second Edition. Fcap. Svo. cloth, 5s. 6d. 

MAURICE.— The Church a Family. Twelve Sermons on the 

Occasional Services of the Prayer-Book. Fcap. Svo. cloth, 4s. 6d. 

MAURICE.— On the Lord's Prayer. 

Third Edition. Fcap. Svo. cloth, 2s. 6d. 

MAURICE.— On the Sahhath Day: the Character of the 

Warrior; and on the Interpretation of History. Fcap. Svo. cloth, 2s. 6d. 

MAURICE.— Learning and Working.— Six Lectures delivered 

in Willis's Rooms, London, in June and July, 1854. The Relii^ion of 
Ronie, and its influence on Modem CiTilimation.— Four Lec- 
tures delivered in the Philosophical Institution of Edinburgh, in December 
1854. In One Volume, Crown Svo. cloth. 5s. 

MAURICE.— An Essay on Eternal Life and Eternal Death, 

and the Preface to the new Edition of " Theological Essays." Crown Svo. 
sewed, Is. 6d. 

*»* Published separately for the purchasers of the first edition. 

MAURICE.— Death and Life. A Sermon Preached in the 

Chapel of Lincoln's Inn, March 25, 1855. Jn ftUtmUm €. B. IV* Svo. 
sewed, U, 
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MAURICE.— Plan of a Female College for the Help of the 

Rich and of the Poor. A Lecture deliTered at the Working Men's College, 
London, to a Class of Ladies. 8vo. 6d. 

MAURICE.— Administrative Reform. 

A Lecture delivered at the Working Men's College, London. Crown Svo. 3d, 

MAURICE.— The Word "Eternal," and the Punishment of 

the Wicked. A Letter to the Rev. Dr. Jelf, Principal of King's College, 
London. Fifth Thousand. 8vo. U, 

MAURICE.— The Name "Protestant:" the Seemingly Double 

Character of the English Church; and the English Bishopric at Jerusalem. 
Three Letters to the Rev. Wm. Palmer, Fellow and Tutor of Magdalen 
College, Oxford. Second Edition. 8vo. is. 

MAURICE.— On Right and Wrong Methods of Supporting 

Protestantism. A Letter to Lord Ashley. 8vo. U. 

MAURICE.— Thoughts on the Duty of a Protestant, in the 

Oxford Election of 1847. 8vo. 1*. 

MAURICE.— The Case of Queen's College, London. 

A Letter to the Lord Bishop of London, in reply to the " Quarterly Review." 
8vo. U. 6d. 

MAURICE.— Lectures on Modem History and English 

Literature. [Preparing. 

MAURICE,— Law's Remarks on the Fable of the Bees, with 

an Introduction of Eighty Pages by FREDERICK DENISON MAURICE, 
M.A. Chaplain of Lincoln's Inn. Fcp. 8vo. cloth, 4*. 6a. 

"This introduction discusaes the Religious, Political, Social, and Ethical Theories of our 
day, and shows the special worth of Law's method, and how far it is applicable to our cir- 



♦ MINUCIUS PELIX.— The Octavius of Minucius Felix. 

Translated into English by LORD HAILES. Fcp. 8vo. cloth. 3«. 6d. 

NAPIER.— Lord Bacon and Sir Walter Raleigh. 

Critical and Biographical Essays. By MACVEY NAPIER, -late Editor 
of the Edinburgh Rwiew and of the Encyclopcedia Britannica. Post 8vo. 
cloth, 79. 6d. 

NIND.-Sonnets of Cambridge Life. By Rev. W. NIND, M.A. 

Fellow of St. Peter's College. Post 8vo. hoards, 2«. 

NIND.— The German Lyrist; or, Metrical Versions from the 

principal German Lyric Poets. By Rev. W. NIND, Fellow of St. Peter's 
College. Crown 8vo. cloth, 3«. 

NORRIS.—Ten School-Room Addresses. 

Edited hy J. P. NORRIS, M.A. Fellow of Trinity College, and one of Her 
Majesty's Inspectors of Schools. ISmo. sewed, Sd, 

FAREINSON.—A Treatise on Elementary Mechanics. 

For the Use of the Junior Classes at the University, and the Higher Classes in 
Schools. With a Collection of Examples. By S. PARKINSON, M.A. Fellow 
and Assistant Tutor of St. John's College, Cambridge. Crown 8to. cbth, 9«. 6d, 
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FABMINTEB.— Materials for a Grammar of the Modem 

English Language. Designed as a Text-book of Classical Grammar for the 
use of Training Colleges, and the Higher Classes of English Schools. By 
GEORGE HENRY PARMINTER, of Trinity College, Cambridge; Rector 
of the United Paxisheg of SS. John and George, Exetei. Fcap. 8vo. cloth, 3«. 6d. 

PAYN.— Poems. 

By JAMES PAYN. Fcp. 8vo. cloth, 5*. 

PEACE IN WAR. ^n mtrnvieaa il. U. 

Crown 8vo. sewed, 1*. 

PEARSON.— Elements of the Galcolus of Finite Differences, 

treated on the Method of the Separation of Symbols. By J. PEARSON, M.A. 
Rector of St. Edmund's, Norwich, Mathematical Master of Norwich Grammar 
School, and formerly Scholar of Trinity College, Cambridge. Second 
Edition^ enlarged. Svo. 5s. 

PEROWNE.-"Al.Adjrumiieh." * 

An Elementary Arabic Gnunmar, with a Translation. By J. J. S. PEROWNE, 
M.A. Fellow of Corpus Christi College, Cambridge, and Lecturer in Hebrew 
in King's College, London. 8yo. cloth, 5«: 

PERRY.— Five Sermons Preached before the University of 

"Cambridge, in November 1855. By the Right Rev. CHARLES PERRY, 
Lord Bishop of Melbourne, formerly Fellow and Tutor of Trinity College, 
Cambridge. Crown 8vo. cloth, 3s. 

PHEAR.— Elementary Mechanics. 

Accompanied by numerous Examples solved Geometrically. By J. B. 
PHEAR, M. A., Fellow and Mathematical Lecturer of Clare Hall, Cambridge. 
8vo. cloth, 10«. 6d. 

PHEAR.— Elementary Hydrostatics. 

Accompanied by numerous Examples. Crown 8vo. cloth, 5s. 6d. 

PLATO.— The Republic of Plato. 

Translated into English, with Notes. By Two Fellows of Trinity College, 
Cambridge, (J. LI. Dalies M.A., and D. J. Vaughan, M.A.) Crown Svo. 
cloth, 7s. 6d. 

POWELL.— The Scriptural Doctrine of the Influence of the 

Holy Ghost, as Illustrated by the Analogy of Nature. The Bumey Prize Essay 
for the year 1853. 8vo. sewed, 2s. 6d. 

PRATT.— The Mathematical Principles of Mechanical 

Philosophy. By J. H. PRATT, M.A., Fellow of Caius College. 
*«* The above work is now out of Print: but the Part on STATICS has been re- 
edited by Mr. Todhunter, with numerous alterations and additions: the Part on 
DYNAMICS, by Messrs. Tait and Steele^ is just published. The other parts will be 
published in separate forms, improved and altered as may seem needful. 
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PRINCIPLES of ETHICS according to the NEW TESTA- 

MENT. Crown 8vo. 2». 

PROCTER.--A History of the Book of Common Prayer rSvith 

'a Rationale of its Offices. By FRANCIS PROCTER, M.A., Vicar of Witton, 
Norfolk, and late Fellow of St. Catherine Hall. Crown 8vo. cloth, 10*. 6d. 
*»* This is part of a series of Theological Manuals, now in progress. 

PUCKLE.— An Elementary Treatise on Conic Sections and 

Algehraic Geometry. With a numerous collection of Easy Examples pro- 
gressively arranged, especially designed for the use of Schools and Beginners. 
By G.HALE PUCKLE, M. A., St. John's College, Cambridge; Principal of 
Windermere College. Crown 8vo. cloth. 7*. 6d. 

PURTON.— The Acts of the Apostles. 

With a Paraphrase and Exegetical Commentary. By JOHN SMYTH 
PURTON, M.A. Fellow and Tutor of St. Catherine's Hall, Cambridge. Svo, 

[Preparing. 

RAMSAY.— The Catechiser's Manual; or, the Church Cate- 
chism illustrated and explained, for the use of Clergymen, Schoolmasters, 
and Teachers. By ARTHUR RAMSAY, M.A. • of Trinity College, 
Cambridge. ISmo. cloth, 3«. 6d, 

REICHEL.— The Lord's Prayer and other Sermons. 

By C. P. REICHEL, B.D., Professor of Latin in the Gueen's University; 
Chaplain to his Excellency the Lord Lieutenant of Ireland; andlatcDon- 
nellan Lecturer in the University of Dublin. Crown Svo. cloth, 7s. 6d. 

ROBINSON.— Autobiography of Matthew Robinson. 

Now first published. With Illustrations. By J. G. MAYOR, M.A. FeUow and 
Assistant Tutor of St. John's College. Fcap. Svo. uniform with Lives of 
Ferrar, bftund in cloth. 

ROBINSON.— Missions urged upon the State on grounds 

both of Duty and Policy. An Essay which obtained the Maitland Prize in 
the year 1S52. By C. K. ROBINSON, M.A., Fellow and Assistant Tutor of 
St. Catharine's Hall, Cambridge. Fcp. Svo. cloth, St. 

ROSE (H^nry John).— An Exposition of the Articles of the 

Church of England. By HENRY JOHN ROSE, B.D. late Fellow of St. 
John's College, and Hulsean Lecturer in the University of Cambridge. 

IPreparing. 
*»* This is part of a Series of Theological Manuals now in progress. 

SALLUST.-SaUust. 

The Latin Text, with English Notes. By CHARLES MERIVALE, B.p.. 
late Fellow and Tutor of St. John's College, Cambridge, &c., Author of 
*• History of Rome," &c. Crown Svo. cloth, 5s. 

SEDGWICK AND M'COTS British Palseozoic Fossils. 

Part I. 4to. sewed, I6s, 

. ■ — Part II. 4to. sewed, 10*. 

— — ^— Part III. completing the 

work, 16*. just ready. 

*»* Thb whole bound in Two VoL8., ito. clotht £2 2*. 
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SBLWYN.— The Work of Christ in the Worid. Pour Sermons, 

preached before the University of Caml)ridge, on the four Sundays preceding 
Advent in the year of our Lord 1854. By the Right Rev. GEORGE 
AUGUSTUS SELWYN, D.D. Bishop of New Zealand, formerly Fellow of 
St. John's College. Third Edition. Crown 8vo. 2s. 

SELWYN —A Verbal Analysis of the Holy Bible. 

Intended to facilitate the translation of the Holy Scriptures into Foreign 
Languages. Compiled by THE BISHOP OF NEW ZEALAND, for the use 
of the Melanesian Mission. Small folio, cloth, 14«. 

SIMPSON.— An Epitome of the History of the Christian 

Church during the first Three Centuries and during the Time of the Refor- 
mation, adapted for the use of Students in the Universities and in Schools. 
By WILLIAM SIMPSON, M. A. With Examination Questions. Second 
Edition^ Improved; Fcp. 8vo. cloth, 5s, 

SMITH.— Arithmetic and Algebra, in their Principles and 

Application: with numerous systematically arranged Examples, taken from 
the Cambridge Examination Papers. With especial reference to the ordinary 
Examination for B.A. Degree. By BARNARD SMITH, M.A., Fellow of St. 
Peter's College, Cambridge. ' Third Edition^ enlarged anil revised 
throughout. Crown 8vo. cloth, 10*. 6d. 

SMITH.— Arithmetic for the use of Schools. By BARNARD 

SMITH, M.A. Fellow of St. Peter's College. Third Thousand^ with 

Additions. Crown 8vo. cloth, 4s. 6d. 
*»1* This has been published in accordance with very numerous requests from ' 
Schoolmasters and Inspectors of Schools. It comprises a complete reprint of the 
Arithmetic from Mr. Smith's larger work, with such alterations as were necessary 
in separating it from the Algebra, and references throughout to the Decimal System 
of Coinage. 

SMITH.— A Key to Mr. Smith's Arithmetic for Schools. 

Crown 8vo. cloth, 8«. 6d. 

SMITH.— Mechanics and Hydrostatics, in their Prii\ciples 

and Application : with numerous systematically arranged Examples, taken 
from the Cambridge Examination Papers. With a special reference to the 
Ordinary Examination for B.A. Degree. By BARNARD SMITH, M.A. 
Fellow of St. Peter's College, Cambridge. [Preparing. 

SNOWBALL.— The Elements of Plane and Spherical 

Trigonometry. Greatly improved and enlarged. By J. C. SNOWBALL, M.A. 
Fellow of St. John's College, Cambridge. Eighth Edition^ with Additions 
and Improvements. Crown 8vo. cloth, 7s. 6d. 

SWAINSON.— A Hand Book to Butler's Analogy. 

With a few Notes. By C. A. SWAINSON, M.A. Principal of the Chichester 
Theological College, formerly Fellow and Tutor of Christ's College Cam- 
bridge, and Preacher at Whitehall. Crown 8yo. Is. 6d. 
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TAIT and STEELE.— A Treatise on Dynamics, with nnme^- 

Tous Examples. Bj P. G. TAIT, Fellow of St. Peter's College, and Professor 
of Mathematics in Queen's CoUege, Belfast, and W. J. STEELE, Fellow of 
St. Peter's College. Crown 8to. clotli, 10«. Gd. [Just ready. 

This is a new Edition of that part of Pratt's Mechanical Philosophy which 
treats of Dynamics, with large additions and improvements. 

TAYLOB.— The Restoration of Belief. 

By ISAAC TAYLOR. Crown 8to. cloth, 8«. 6d. 

CoKTEVTS. I.— Christianity in relation to its Ancient and Modem Antar 
gonists. II. — On the Supernatural Element contained in the Epistles, 
and its hearing on the'argument. III.— The Miracles of the Gospels con- 
sidered in their relation to the principal features of the Christian Scheme. 

THEOCRITUS.— Theocritns. 

The Greek Text, with English notes, Critical an Explanatory, for the use of 
Colleges and Schools. By E. H. PEROWNE, M.A., Fellow of Corpus. 
Christi College. Crown 8vo. IPreparinff* 

THEOLOGICAL Manuals. 

Just published : — 

CHURCH HISTORY : THE MIDDLE AGES. By CHARLES HARD* 
WICK. With Pour Maps. Crown 8vo. cloth, price 10#. 6d. 

THE COMMON PRAYER : ITS HISTORY AND RATIONALE. By 
FRANCIS PROCTER. Crown 8vo. cloth, 10*. 6d. 

A HISTORY OF THE CANON OF THE NEW TESTAMENT. By 
B. F. WESTCOTT. Crown 8vo. cloth, 12*. 6d. 

CHURCH HISTORY : THE REFORMATION. By CHARLES HARD- 
WICK. Crown 8vo. cloth, 10*. Bd. 

The following will shortly appear: — 

INTRODUCTION TO THE STUDY OF THE OLD TESTAMENT. 

NOTES ON ISAIAH. 

INTRODUCTION TO THE STUDY OF THE GOSPELS. 

EPISTLES. 

NOTES ON THE GOSPELS AND ACTS. 

EPISTLES AND APOCALYPSE. 

CHURCH HISTORY, THE FIRST SIX CENTURIES. 

17th century TO THE PRESENT TIME. 

THE THREE CREEDS. 

THE THIRTY-NINE ARTICLES. 

*»* Others are in progress, and will he annonnoed in due time. 

THBING.— A Gonstming Book. 

CompUed by the Rev. EDWARD THRING, M.A. late Fellow of King's 
College, Cambridge, and Head Master of Uppingham School. Fcap. 8to. 
cloth, 2*. 6d. 

THRING.— The Elements of Grammar taught in English. 

By EDWARD THRING, M.A. Head Master of the Royal Grammar 
School, Uppingham ; late Fellow of King's College, Cambridge. Second 
Edition. ISmo. bound in cloth, 2«. 
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THRING.— The Child's Grammar. 

Being the substance of the above, vith Examples for Practice. Adapted for 
Junior Classes. A New Bdition. 18mo. lymp cloth, ]«. 

THRUPP.— Psahns and Hymns for Public Worship. Selected 

and Edited by JOSEPH FRANCIS THRUPP, M. A. Vicar of Barrington, late 
Fellow of Trinity College. 18mo. cloth, 2*. Second paper in lymp cloth. Is Ad. 

THRUPP.— Antient Jerusalem : a New Investigation into the 

History, Topography, and Plan of the City, Environs, and Temple. Designed 
principally to illustrate the records and prophecies of Scripture. With Map 
and Plans. By JOSEPH FRANCIS THRUPP, M.A. Vicar of Barrington, 
Cambridge, late Fellow of Trinity College. 8vo. cloth, 15*. 

TODHUNTER.--A Treatise on the Differential Calculus ; and 

the Elements of the Integral Calculus. With numerous Examples. By 
I. TODHUNTER, M.A., Fellow and Tutor of St. John's College, Cambridge. 
Second Bdittbn. Crown 8vo. cloth, 10«. 6d. 

TODHUNTER. — A Treatise on Analytical Statics, with 

numerous Examples. Crown 8vo. cloth, 10«. 6d. 

TODHUNTER.-A Treatise on Conic Sections. With 

numerous Examples. For the Use of Colleges and Schools. Crown 8vo. 
cloth, lOt. 6d. 

TODHUNTER. -A Treatise on Algebra, for the Use of 

students in the Universities, and of the Higher Classes in Schools. {Prep, 
Alto by the same Author, 

An Elementary Work on the same subject, for the use of 

Beginners. 

TRENCH.-~Synonyms of the New Testament 

By RICHARD CHENEVIX TRENCH, B.D., Vicar of Itchenstoke, Hants, 
Professor of Divinity, King's College, London, and Examining Chaplain to 
the Bishop of Oxford. Third Edition, revised. Fcp. 8vo. cloth, Ss, 

TRENCH.— Hulsean Lectures for 1845—46. 

Contents. 1.— The Fitne&s of Holy Scripture for unfolding the Spiritual Life 
of Man. 2.— Christ the Desire of all Nations ; or the Unconscious Pro- 
phecies of Heathendom. Third Bdition. Foolscap 8vo. cloth, 6#. 

For VERIFYING DATES. 

A perpetual Almanac for determining Dates past, present, and future; with 
a Lunar Kalendar and Tahles of the more important Periods, JEras, Festivals, 
and Anniversaries. Price 6d. 
•♦• This is so printed, that if the margin be cut off it may be carried in a pocket-book. 

WATERS OF COMFORT.-A SmaU Volume of Devotional 

Poetry of a Practical Character. By the Author of " Visiting my Relations." 
Fcap. 8vo. cloth, 4s. 

WESTCOTT.— A general Tiew of the History of the Canon of 

^e New Testament during the First Four Centuries. By BROOKE FOSS 
WESTCOTT, M.A., Assistant Master of Harrow School; late FeUow of 
Trinity CoUege, Cambridge. Crown 8vo. cloth, 12*. 6<f. 
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WESTCOl'T.— An Introduction to the Study of the Gospels; 

including a new and improved Edition of " The Elements of th« Gospel 
Harmony.** With a Catena on Inspiration, from the Writings of the Ante. 
Nicene Fathers. Crown 8vo. [Preparing. 

WESTGOTT.— An Introduction to the Study of the Canonical 

Epistles; including an attempt to determine their separate purposes and 

mutual relations. By BROOKE FOSS WESTCOTT, M.A. {Preparing, 

*»* These three books are part of a series of Theological Manuals now in progress. 

WILSON.— The Five Gateways of Knowledge. 

By GEORGE WILSON, M.D., F.R.S.E., Regius Professor of Technology in 
the University of Edinburgh. In fcap. 8vo. cloth. INearly ready. 

WILSON.— A Treatise on Dynamics. 

By W. P. WILSON, M.A., Fellow of St. John's, Cambridge, and Professor of 
Mathematics in the University of Melbourne. 8vo. bds. 9«. 6d. 

WRIGHT.— Hellenica; or, a History of (JVeece in Greek, 

beginning with the Invasion of Xerxes ; as related by Diodorus and Thu(^- 
dides. With Explanatory Notes, Critical and Historical, for the use of 
Schools. By J. WRIGHT, M.A., of Trinity College, Cambridge, and Head- 
Master of Sutton Coldlield Grammar School. 12mo. cloth, 3«. 6d. 
*»* This book is already in use in Rugby and other Schools. 

WRIGHT.— A Help to Latin Grammar; 

or, the Form and Use of Words in Latin. With Progressive Exercises. By 
J. WRIGHT, M. A. Crown 8vo. cloth, 4*. 6d. 

WRIGHT.— The Seven Bings of Rome: 

An easy Narrative, abridged from the First Book of Livy by the omission of 
difficult passages, so as to make a First Construing Book for Beginners of 
Latin. With Grammatical Notes. By J. WRIGHT, M.A. INearly ready. 
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